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Chapter 1 
Introduction 
Heterocyclic ring systems have attracted much attention in organic chemistry, not only 
because they are often encountered in natural products, but also because of their importance in 
industrial and pharmaceutical applications. 
In this thesis special attention is given to the chemistry of aziridines, which belong to the 
group of the smallest heterocycles. The chemistry of another class of small-ring heterocyclic 
compounds, Le. functionalized epoxides, has been studied extensively in the Laboratory of Organic 
Chemistry of the University of Nijmegen.1 In fact, the successes obtained with the chemistry of 
epoxides prompted the Nijmegen research group to broaden its horizon by entering the field of 
aziridines. 
There are numerous reports on non-functionalized aziridines,23 but in contrast, information 
on functionalized aziridines, such as aziridinecarboxylic acid esters is scarce. It was not until 
recently that a growing interest in functionalized aziridines was recorded.21* A convenient method 
for the synthesis of aziridinecarboxylic esters has been developed in the Nijmegen laboratory3 and 
which is of importance for the research described in this thesis. The prime objective of the study 
presented in this thesis is the application of functionalized aziridines in the syntheses of other 
heterocyclic systems. 
1.1 Overview of some relevant literature 
There are several methods known for the conversion of aziridines into other ring systems, 
i.e. (A) cycloaddition, (В) ring expansion, (C) isomerization, (D) insertion and (Б) intramolecular 
ring-opening reactions.28 
(A) Cycloaddition: Aziridines can be used as precursors of azomethine y lides. The 1,3-
dipolar cycloaddition of azomethine ylides to various dipolarophiles has been utilized extensively for 
the generation of novel heterocycles. Aziridines need two stabilizing groups for these ylides to 
undergo intermolecular addition with activated dipolarophiles, however, the addition of azomethine 
ylides to unactivated olefins often fails due to the limited reactivity of the dipolarophiles. A 
successful intramolecular 1,3-dipolar cyclization of doubly-stabilized azomethine ylides with 
unactivated dipolarophiles was reported by Heathcock et al. in 1992.4 A core structure model 1 of 
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an alkaloid was synthesized utilizing an azomethine ylide generated by flash vacuum pyrolysis 
(Scheme 1). These cycloadditions provided highly substituted pyrrolidine systems. 
Scheme 1 
O C°2Et 
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О 
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СНз ° ^ Д 
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1 (94%) 
The first report of a [3+3] cycloaddition of trimethylenemethane for the synthesis of 
piperidines appeared in 1989.5 Reaction of the acetate 2 with aziridine 3 in the presence of 
[Pd(PPh3)4] gave piperidine 4 in high yield (Scheme 2). 
Scheme 2 
Me3SI 
AcO > 
PdU 3 
- XT M e ' N 
ι 
R 
R=S02-tol (71%) 
R=C(0)CeH4-N02-(p) (75%) 
Bis(benzonitrile)palladium dichloride was found to be an effective catalyst for the 
cycloaddition of aziridines to carbodiimides to form imidazolidinimines 6 in 40-94% yield.6 The 
process is regiospecific, involving cleavage of the more substituted ring carbon-nitrogen bond 
(Scheme 3). 
N + ArN=C=NAr 
Scheme 3 
PdCI2(PhCN)2 
* 
PhCH3i100°C 
5 psi N2,24h 
R2 
Г 
f 
Ar 
5; R1=Ar, R2= t-Bu or 1 -adamantyl 6 (40-94%) 
(B) Ring-expansion: Carbene-complex promoted ring expansion is cited as an example of 
this type of reaction. A chromium heterocyclic aminocarbene-complex was prepared from 
(chromium pentacarbonyl)methyl(ethoxy)carbene complex 7 and methyl- 1-H-aziridine. The carbene 
complex was then treated with diphenylacetylene in refluxing benzene (Scheme 4). Two molecules 
2 
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Scheme 4 
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Another example of a ring-expansion reaction is analogous to activated cyclopropane ring-
expansions. The rearrangements of activated vinylcyclopropane to cyclopentene have been achieved 
under mild conditions.8 In an extension of this type of rearrangement, activated aziridines were 
treated under the same reaction conditions. With the tosyl group as an activating group, N-tosyl-2-
(l,3-butadienyl)aziridine 9 was transformed into l-tosyl-2-styryl-3-pyrroline 10 (Scheme 5).9 
Scheme 5 
P h ^ ^ ^ · Pd (РРпз)4 
l-SOrtol DMSO,50°C Q N-S02-tOl 
10 (78%) 
(C) Isomerization: ^-Hydroxy compounds are relatively uncommon. A cyclization method 
for 5-membered monocyclic W-hydroxy heterocycles has been reported (Scheme 6 ) . 1 0 N-
cyanoaziridine 11 was transformed by hydroxylamine to a guanidine derivative, which upon 
treatment with triethylamine hydrochloride, gave specifically the N-hydroxyimidazoline 14, 
presumably via intermediate 13. 
Scheme 6 
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Aziridines containing JV-acyl or similar groups can be isomerized easily to the corresponding 
five-membered ring compounds such as oxazolines upon treatment with an acid or nucleophilic 
catalyst. Rearrangement of N-acyl-aziridines to oxazolines was studied extensively in the 1960s and 
some representative examples will be given in chapter 3 of this thesis. In a similar manner, aziridine 
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derivative 15 when treated with a catalytic amount of sodium iodide, gave 2-ethoxy-imidazoline 16, 
which on hydrolysis afforded a vicinal diamine in excellent yield.11 This reaction proceeds with 
overall retention of configuration, which suggests two consecutive SN2 reactions i.e. iodine-
catalyzed ring opening of aziridine, followed by attack of the nitrogen atom of carboximidate 
(Scheme 7). 
Scheme 7 
R1 R3 Ri R3 
R Z ' V X 4 N a l ^ R2-W-R4 
Ï n E.OH. reflux * H V N 
E t
°^NH ¿Et 
15; R1-R4 =H or Me 16 (74-99%) 
A third example of an aziridine isomerization is the CO2 insertion mimic reaction (a true CO2 
insertion reaction will be reported in section D). This is an oxazolidin-2-one synthesis by thermal 
isomerization (flash vacuum pyrolysis) of the W-ethoxycarbonyl aziridine 17, with elimination of 
ethene (Scheme 8).12 An JV-thiocarbonyl analogue gave the corresponding thiazolidin-2-one. 
Scheme 8 
R1 R3 Ri RS 
>гЧ FVP „ R2-H-«4 
R 2 N R4 • Cl· NH I 650 °C, 0.001 mmHg Y 
C02Et "J 
17; R1-R* = H, t-Bu or Ph 18 (47-88%) 
(D) Insertion: The direct, regiospecific, rhodium-catalyzed carbonylation of aziridines to ß-
lactams was reported by Alper ef a/.13 These authors later accomplished a stereospecific synthesis of 
ß-lactams.14 This is the first example of a direct ring expansion and carbonylation of an aziridine 
(Scheme 9). 
R1 
V7 CO 
Scheme 9 
[Rh (COfcClb 
N 
I benzene, 90 °C Л R2 20atm. О R2 
19; R1=aryl, R2=alkyl 20 (quantitative) 
The above rhodium-catalyzed carbonylation reaction occurs on the more substituted C-N 
bond. Alternatively, the less substituted carbon-nitrogen bond was carbonylated using a nickel 
acylate complex.15 The proposed mechanism for this reaction requires that the nickel reagent attacks 
the iodinated intermediate with inversion of configuration, thereby affording azetidinone 22 with 
retention of stereochemistry (Scheme 10). 
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Scheme 10 
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22 (20-50%) г^Н^Вп.Аг.огЭОгСНз 
R2=CH3, ρ3=Η0Γ0Η3 
The reaction of carbon dioxide with 1-phenylaziridine 23 in the presence of organo-
antimony or organo-tin compounds as catalysts 1 6 and in polar aprotic solvents, such as HMPA and 
DMSO afforded the 3-phenyl-oxazolidin-2-one 24 (Scheme 11). 
Schemell 
Y7 
N 
I 
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Sulfur ylides have also been used as methylene transfer agents to form a four-membered 
ring, namely, azetidine 26 (Scheme 12).1 7 
SchemeU 
• DMSO R ' . R 3 
^ R 2 ! - T R 4 
SOzAr 
R
' . R 3 "CH2+S(0)Me2 R ' - R 3 
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^ N " DMSO, 25 °C Me2 +S-H2C N S0¡¡Ar 
SOaAr H 
25; R1 -R^H, Me, Et or Ar 26 (5 -77 %) 
(E) Intramolecular ring-opening reactions: Few examples of these reactions have been 
currently reported.18-20 When aziridine 27 was treated with a base, the amino-cydopentane 
derivative 28 was obtained with low stereoselectivity. The mixture of diastereomers of 28 thus 
obtained was converted into a single diastereomer 30, via the intermediacy of the bicyclic lactam 29 
(Scheme 13).18 
Scheme 13 
S02Ph 
N 
*>—£ 
NHSO2PI1 
PhS02N 
О 
2Ь 
но^/ 
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C02t-Bu C02t-Bu 
27 28 29 30 
Another example of an intramolecular ring-opening reaction is the synthesis of pyrrolidine 
and piperidine derivatives via Qi -symmetric bis-aziridines. Nucleophilic opening of the bis-
aziridines 31 derived from D-mannitol led to the polysubstituted pyrrolidines 33 (51-84 % yield) 
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and the piperidines 34 (< 7 % yield) (Scheme 14).19 The thus derived pyrrolidines are potential 
precursors to several biologically active alkaloids. 
Scheme 14 
PO 
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1.2 Synthesis and reactions of aziridinecarboxylic esters 
A variety of aziridinecarboxylic esters can be synthesized in enantiomerically pure form by 
means of the method developed in Nijmegen.3 Optically active epoxy alcohols, prepared by the 
Sharpless epoxidation, are converted into epoxy-carboxylic esters, and then into aziridine-2-
carboxylic esters with high enantiomeric purity. The reaction sequence is depicted in Scheme 15.3 
Following the Sharpless epoxidation, the optically active epoxy alcohol is oxidized in two 
successive steps, namely, Swern oxidation21 followed by sodium chlorite (NaC102).22 
Esterification with diazomethane produces the corresponding epoxy ester. Ring-opening reaction 
with sodium azide in refluxing methanol, followed by treatment with triphenylphosphine at room 
temperature forms two regioisomeric phosphorous heterocycles. These five-membered heterocycles 
are then converted into a single isomer of aziridinecarboxylic ester upon heating. The aziridine was 
shown to possess opposing stereochemistry at C-2 and C-3 compared with the starting epoxide. 
During the ring-opening process, two regioisomers are generally obtained, however, both isomers 
eventually produce a single aziridine isomer after ring closure by treatment with PPI13.3 
Scheme 15 
N3 OH 
*C02Me 
3  
O^ 1) Oxidation O.. .. ., „ I η I 
" ^
о н
 І^г*
 R
^co*. - А ^ - у Ц ^ - у Ц 
R= alkyl, aryl 
PPh3 
OH N3 
\ . СОгМе η
χ
. С02Ме 
О, NH + NH О • ^ ^ T ^ C O z M e 
\,„'u N ' NH 
PPh3 PPh3 
50-83% yield, 82-95% 
Aziridine-2-carboxylic esters react with a variety of nucleophiles to give ring-opened 
products. Nucleophiles are prone to attack at C-3 rather than at C-2; the ratio of regioisomeric 
products depends mainly on electronic factors originating from ring substituents (Scheme 16).3 The 
reactions take place in an S^2 fashion in most cases. 
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Scheme 16 
R* NHR" Nu 
r i. Nucleophile R 1 м ^ 
R
-L>^CO 2 R· ** i °°2η' + V002"" N u
 NHR" R= alkyl, aryl; R'= Me, Et 
R'= H, electron-withdrawing group major products minor products 
1.3 Outline of this thesis 
The main theme of this thesis is the study of intramolecular reactions of functionalized 
aziridines. In Chapter 2, the synthesis of γ-lactams and ß-lactams is described. An attempted 
synthesis of functionalized ε-caprolactams from aziridines is the subject of Chapter 3. In Chapter 4, 
Michael-reaction Initiated Ring Closure (MTRC) reactions involving aziridinyl-methylene malonates, 
which produced cyclopropane derivatives, are reported. The final chapter deals with directed 
metalation reactions using aziridines. A summary concludes this thesis. 
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Chapter 2 
Synthesis of Multi-substituted 3-Amino-pyrrolidin-2-ones 
and Related Compounds from Aziridinecarboxamides. 
2.1 Introduction 
Conformationally restricted dipeptide mimics have received extensive attention for the study of 
the relationships between biological activity, selectivity and peptide structures. Elucidation of the 
receptor bound conformation of biologically active peptides has been attempted by means of 
mimicking certain secondary structural features of peptides, such as peptide ß-turn.' Preparation of 
those mimics with a variety of configurations and substituents is essential to investigate structure-
activity relationships. Relying only on natural compound derivatives limits such research too much. 
However, non-natural analogues open avenues to probe the effect of side-chain orientation on peptide 
secondary structure, and to explore conformational effects on the binding of peptides. The utilization 
R 1
 *
 R 2
 S 
amino acid *ƒ \
 3 / » J] 
\ >C ^N—amino acid R "4·Ν-4^Ν~λ 
4 γ J i f C02R2 
Ho H ° 
1 2 
of З-атіпо-γ- and δ-lactams is of special interest in this context.lP· 2 a Lactams are considered to 
provide a rigid structural unit in the backbone system of the mimics. The rigid backbone system limits 
the number of conformers, which may influence the biological activity and selectivity. Therefore, 
several research groups have designed lactam-bridged dipeptides e.g.as conformationally restricted 
inhibitor mimics.2·3 Freidinger et ai. described the synthesis of 3-amino-y-lactams from amino acid 
derivatives by using ring-closure reactions.23 More recently, Garvey and co-workers reported a 
preparation of 3,4-disubstituted lactams from N-t-Boc-L-Asp(OBz)OH by reductive amination 
employing amino acid derivatives and subsequent ring closure.2b Furthermore, some γ-lactam 
analogues of ß-lactam antibacterial agents, such as 2, were reported to exhibit low, but detectable 
levels of antibacterial activity,4 suggesting that activity can be achieved with other analogues which 
carry the γ-lactam system. 
Most of the substituted γ-lactam rings reported were prepared in a stereospecific manner from 
the corresponding amino acids. These strategies often suffer from racemization at the stereogenic 
9 
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centers, or only allow a limited variation of substituents. To investigate structure-activity 
relationships, synthetic methods producing lactams from non-natural chira] sources are desired, 
because those methods would allow a more precise design of mimics. In this chapter, the synthesis of 
4,5-disubstituted 3-amino-y-lactams is reported, using intramolecular aziridine ring-opening reactions, 
whereby the chirality is transferred from the aziridine ring to the ring-expanded heterocycle (Scheme 
1). 
Scheme 1 
11 О 
ΓΊ\^ 
^ R1 N , 
он *~ ^ \ 
* * C0 2 CH 3 
R2 _i J λ R' NH-R2 
The required aziridines are available by the methods developed in the Nijmegen laboratory.5 
Since enantiopure aziridinecarboxamides5 can be prepared readily from enantiopure oxiranecarboxylic 
esters whose synthesis has been well established,5·6 the strategy shown in Scheme l allows the 
preparation of various highly-substituted γ-lactams. In addition, it should be noted that intramolecular 
ring-opening reactions of aziridines have been scarcely studied 7 · 8 · 9 in contrast to intermolecular 
reactions.l0· ' ' It is also of interest to compare intramolecular ring-opening reactions of aziridines with 
those of the corresponding epoxides. 
2.2 Results and Discussion 
Activated aziridinecarboxamides 4 and 5 were prepared from aziridinecarboxylic esters as 
shown in Scheme 2. Literature reports suggest that strong activation of the aziridine-ring system may 
Scheme 2 
EWG 
I 
^ " V l a-c-d • ^ Л ^ о 
^ ^ ~ ~ r·. 0 r b ' C ' d f 
C02Et NH 
3 P"COOEt 
COOEt 
4; EWG = - SO2T0l (Ts) (overall 91%) 
5; EWG = -C02t-Bu (Boc) (overall 81%) 
Reagents and Conditions: 
(a) (t-Boc)20, DMAP, СНгСІг; (b) TsCI, Et3N, DMAP, СНгСІг; (с) LiOH, НгО, THF; (d) DCC, diethyl aminomalonate, 1-hydroxybenzotriazole (HOBT), 
ЕЮАс. 
be necessary to accomplish the desired ring-opening reactions.5·10 Therefore, 4-tolylsuIfonyl (Ts) and 
tert-butoxycarbonyl (Boc) groups were introduced onto the aziridine nitrogen atom. Diethyl 
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aminomalonate was chosen as the amine moiety of the carboxamides because the 'soft' nucleophilic 
character of malonyl carbanions was expected to be appropriate for the rather 'soft' aziridine ring 
carbons. After either the Ts or the Boc group was introduced, the activated aziridines were hydrolysed 
with L1OH/H2O, followed by DCC/HOBT condensation to afford aziridinecarboxamides 4 and S in 
high overall yields. 
Treatment of tosyl-activated aziridinecarboxamide 4 with a catalytic amount of sodium 
ethoxide in absolute ethanol at room temperature produced pyrrolidinone 6 in high yield (Scheme 3). 
The same product was isolated when substrate 4 was treated with LDA in THF or pyridine in 
chloroform, albeit in much lower yields. 
Scheme 3 
Reaction Conditions Yield (%) 
cat. NaOEt/EtOH ββ 
it, overnight 
1.1 eq. LDA^HF 31 
-78 °C to rt, overnight 
excess pyridine/CHCI3 40 
rt, overnight 
The product 6 was proven to have a five-membered ring system by NMR proton-decoupling 
analysis. It was impossible, however, to determine unambiguously the relative configurations at C-3 
and C-4 from the coupling constants. Fortunately, the pyrrolidinone 6 formed a single crystal, which 
was submitted for X-ray crystallographic analysis to determine the relative configuration of the 
substituents at C-3 and C-4. This analysis confirmed the relative stereochemistry in pyrrolidinone 6 to 
be trans as shown in Figure I . 1 3 The formation of this five-membered heterocycle 6 clearly takes 
place by an intramolecular substitution reaction with retention of configuration at the C-3 of the 
starting aziridine. 
Figure 1. X-ray diffraction analysis of pyrrolidinone 6. 
T s Entry I 
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The optimum conditions for intramolecular ring opening (i.e., catalytic NaOEt/EtOH) were 
also applied to the Boc-activated azindinecarboxamide 5. This reaction resulted in the formation of 
pyrrohdinone 7 in 78% yield as a single isomer (Scheme 4). NMR analysis showed that the product 7 
is a five-membered heterocycle. 
Scheme 4 
Boc 
С
в
Ніз«, ,N 
cat. NaOEt/EtOH 
% > 
NH 
E t 0 2 C - | ^ 
C02Et 
rt, overnight 
ι) 2.2 eq. LDA/THF; 
-78 °C, 0.5h 
и) 0 °C, 2.5h 
С6Ніэ NHBoc 
E t
°2 C ->0=0 
Et02C NH 
7(78%) 
1 x C O ! E 
о 
8(73%) 
In contrast, an unexpected result was obtained when substrate 5 was treated under kinetically 
controlled reaction conditions (LDA in THF at 0 °C), namely the formation of the bicyclic aziridine 8 
in high yield (73%). Interestingly, the aziridine moiety is retained in this product and an acyl 
substitution of the Boc has taken place. Some more examples of this type of bicyclic azindines are 
collated in Table 1. 
Table 1 ,0-t-Bu 
R N 
^ ^ ν , Ν Η - R ' 
base 
JJ 
\Л N-R' 
~ ^Ч 
Entry Substrate R R' Reaction Conditions Yield (%) Product 
S Hex CH(C02Et)2 2.2 eq LDA/THF; 
-78 °C. 0 5h, 0 °C, 2.5h 
0 Bu CH2C(0)Ph cat. t-BuOK/THF. 
rt, 6h 
10 Hex СН2СОгМе cat NaOMe/MeOH; 
rt, overnight 
11 Hex CH2Ph cat t-BuOK/THF, 
rt, overnight 
12 PhCH2 CH2C(0)Ph cat. t-BuOK/THF; 
0°C. 3 5h, rt. 2 5h 
73 
99 
52 
65 
87 
8 
13 
14 
15 
16 
12 
simisíl 
Scheme 5 
О 
О 
А Ь,с „ ¿\ 
С б Н 1 3 
С б Н і э
 е л / ' ^ 0 4 ' СвНц^ ''"СОгМе 
f.g.h 
Вое Reactions and Reagents: 
(a) Sharpless epoxjdation; 
(с) Diazomethane; (d) NaNs.N^CI/EtOH; 
. NH I  l  j ti n; (b) Ru cat., Nal04; 
Οιβ _ / \ a  N 
С б ^ з С0 2 Ме С в Н і з ^ \ = ° (β) PPh3; (f) di-t-Butoxy-dicart)onate, DMAP; 
^ ^ (g) aq. UOH/THF; (h) Diethyl aminomalonate, 
C M - -, s NH DCC/ EtOAc. 
ЕЮгС-γ
 1 7 
C02Et 
. y o 
assumed that the hexyl group on aziridine C-3 interferes substantially with the bulky malonyl group; 
and the same interference could explain the absence of C-2 ring-carbon attack leading to an 
azetidinone14. 
Scheme 6 
Boc 
I 
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Intermolecular ring-opening reactions of aziridines have been investigated extensively. 9 · 1 0 
Hydriodic acid is known to react with activated aziridinecarboxamides,10e where iodide attacks 
selectively at C-3. Following the introduction of iodine in an SN2 fashion, it may be substituted 
through subsequent attack of malonyl carbanions. When N-Boc-aziridinecarboxamide 5 was treated 
with hydriodic acid in acetone for 3h at 0 °C, followed by the ring-closure conditions ( 1.5 eq. 
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NaOEt/EtOH), iodide opened the aziridine ring and then participated as a leaving group (Scheme 7). 
Scheme 7 
? ° C NH-Boc
 Γ
 μ „ 
ru N CRHI,V / ^ 12 NH-Boc 
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5
 C02Et 18(16% overall yield) 
The reaction presumably proceeded through double inversion leading to the 3,4-a'j-pyrroIidinone 18, 
together with the 3,4-fra/u-pyrrolidinone 7 (15% yield). Legters et al. ' 5 have reported that hydrogen 
chloride reacts with TV-activated aziridine esters in an SN2 manner. Moreover, ab initio molecular 
orbital calculations of the ring-opening reactions of epoxides by fluoride ion indicate that ring opening 
with stereo-retention is unfavourable due to the ring distortion.16 This distortion may also be of 
importance for aziridine ring opening. The frawi-pyrrolidinone 7 may therefore have been produced 
through the direct intramolecular reaction without the assistance of iodide. 
The pyrrolidinones 7 and 18 were subjected to 2D-NOESY NMR analysis (Figs. 2 and 3) in 
order to confirm the configuration of 3,4-trans- and cii-TV-Boc-pyrrolidinones.17 The H-3 of trans-7 
overlaps the methylene protons of the ethoxycarbonyls, which makes the direct assignment of the 
trans configuration impossible. Since czs-pyrrolidinone 18 does not suffer from this problem, two 
NOESY data were compared. The NOE cross-peaks are indicated as solid lines, and the chemical-
exchange cross-peaks as dotted lines in Figures 2b and 3b. The chemical exchange transfer of 
magnetization occurs due to rotation about bonds, which in this case is due to the flexibility of the 
five-membered ring system. These chemical exchanges can also be seen as small broad peaks in the 
corresponding unidimensional 'H-NMR spectra. Figures 2a and 2b show that H-4 (2.7 ppm) of 7 is 
situated close to the 3-carbamoyl proton (5.0 ppm). On the other hand, Figures 3a and 3b show that 
H-4 (3.0 ppm) of 18 is situated close to H-3 (4.6 ppm) but not to the 3-carbamoyl proton (5.2 ppm), 
and that H-3 has spatially close contacts both with the 3-carbamoyl proton and with H-4. These 
observations support the assigned structure, namely, the pyrrolidinone 7 has a 3,4-trans 
configuration, whilst in the pyrrolidinone 18 this is cis. 
This new reaction methodology was applied to the synthesis of 3-hydroxypyrrolidinone. As 
anticipated from the reported result of a similar epoxide ring-opening reaction,18 intramolecular 
reaction of the oxiranecarboxamide analogue 19 took place in the same manner as for 
aziridinecarboxamides. When the epoxide analogue 19 was treated with a catalytic amount of sodium 
ethoxide in ethanol, pyrrolidinone 20 was obtained (Scheme 8). 
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Figure 2b. 2D-NOESY spectrum of trans-7. 
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Figure За. ÎD-NMR spectram of C/J-18. 
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Figure 3b. 2D-NOESY spectram of c/j-18 
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Scheme 8 
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Chackalamannil ef ai. 14c reported a synthetic route for ß-lactam antibiotics by intramolecular 
ring opening of oxiranecarboxamides, such as 21, and they pointed out that the presence of a bulky 
JV-protecting group attached to the nitrogen atom of the carboxamide was mandatory for the efficient 
ring closure to form four-membered rings. Although intramolecular ring-opening reactions of 
oxiranecarboxamides have been investigated by several groups for the synthesis of penems,14 much 
less attention has been devoted to 3-(l-aminoethyl)-azetidinones. Several 3-(l-aminoethyl)-2-
azetidinones have been cited as antibacterials or potential inhibitors.19 The use of ß-lactams for the 
synthesis of pyrrolidinones by ring expansion has also been reported.20 It seemed feasible to 
synthesize 3-(l-aminoalkyl)-2-azetidinone derivatives by modifying the aziridines 4 or 5. Ring-
opening reactions can be influenced by many factors, e.g. bulkiness of nucleophiles, electronic effects 
due to electron-withdrawing groups, the configuration of the aziridines, the amide-protecting group, 
and solvent. The effect caused by the configuration of aziridine was observed in the reaction of cis-
aziridine 17. Moreover, the З-franí-methyl analogue of 5 produced only 4-methyl-pyrrolidinone, 
proving the minor influence of the size of the 3-íraní-substituent on the intramolecular aziridine ring-
opening reaction. The bulkiness of the nucleophilic moiety also plays an important role (vide infra). 
EWG 
n u ' Ts 
СбНіэ, N
 ч
н j 
° 7 °Η3 о 
C02Et 
21 27 30 
The effect of amide-protecting groups on the ring-closure reaction was then investigated. The 
4-methoxyphenyl group was employed as a protecting group because of its ease of removal.14bd The 
amide condensation between aziridinecarboxylic acid and diethyl Af-(4-methoxyphenyl)aminomalonate 
2 1
 for the synthesis of N-(4-methoxyphenyl)-aziridinecarboxamide 22 was unsuccessful using 
conventional coupling reagents. Amide condensation using phosphorous oxychloride yielded 22 
together with the azetidinone 23 (Scheme 9)2 2. 
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Scheme 9 
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Compound 23 may be the result of an intramolecular ring-opening reaction of 22. 
Aziridinecarboxamide 22 was treated with an excess of pyridine at -20 °C for 3h in order to prove this 
possibility; azetidinone 23 was obtained in 7% yield and 24% of carboxamide 22 was recovered 
(Scheme 10). This result shows that the formation of aziridinecarboxamide 22 was in competition 
with further ring-opening reaction and decomposition under the amide-coupling reaction conditions. 
These phenomena may explain the poor yield. 
Scheme 10 
Ts 
N ! Η 
NH-Ts 
C6H1 3,, Д X .*h .0 
> 
pyridine С6Н1Э ^ Т т ^ 
~0 *"
 H J - N v + 
20°C;3h ЕЮ2СГ| ^ 
22 (recovery 24%) 
C02Et ^ J ^ O C H a U OCH3 
22 23 (7%) 
Once aziridinecarboxamide was produced, the ring-opening reaction then proceeded very 
smoothly upon treatment with a catalytic amount of sodium ethoxide in ethanol. Azetidinone 23 was 
again obtained together with pyrrolidinone 24 (Scheme 11). 
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Epoxide 25 which bears the electron-donating methyl group, actually gave the five-membered 
ring compound 26 (Scheme 12). Although the aziridine analogue of 25 could not be prepared due to 
the difficulty of the amide-bond forming reaction, this result with 25 is indicative of the reaction of the 
corresponding aziridine analogue 27 (page 17) since the reaction characteristics of epoxy-
carboxamides are virtually the same as those of aziridines. Thus, the 4-methoxyphenyl group 
possesses a unique character. The solvent, pyridine, seems less influential because reaction of 4 in 
pyridine resulted in pyrrolidinone formation (Scheme 3, entry 3). Further in-depth investigations of 
amide-protecting group effects could not be pursued since aziridinecarboxamides with different 
protecting groups were not available. 
Scheme 12 
C4Hg,,, A ^ | ^ C 0 2 E t DCC coupling 
^ C 0 2 H C02Et 
C 4 H 9 / , v / \ C4Hg OH 
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The aziridinecarboxamides 4 and 22 carry two ester units in the malonyl moiety. The synthetic 
scope of the intramolecular ring opening would improve if such a reaction could also be performed 
with an aziridinecarboxamide containing only one ester function. Such a substrate, i.e. 28, could be 
prepared by a DCC coupling of an aziridinecarboxylic acid and TV-benzylglycine methyl ester. 
Treatment of substrate 28 with potassium t-butoxide in THF resulted in the formation of azetidinone 
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29, albeit in low yield, together with unreacted 28 (Scheme 13) No five-membered ring product 
could be detected, although for the tosyl-activated azindine ring an intramolecular reaction at C-3 
would have been expected 2 3 Other bases, such as Triton В and sodium bis(tnmethylsilyl)amide 
yielded no cychzation products Interestingly, azetidinone 29 has the cis configuration as was 
deduced from the coupling constant for H-3 and H-4 in the 'H-NMR spectrum A satisfactory 
explanation for this stereochemical outcome cannot be given yet. 
The azindinecarboxamide 30 corresponding to 28 but without the У -benzyl group, was also 
prepared However, base treatment only led to decomposition products. 
Ts 
I 
СбНіз,,, N 
rN^Bn 
28 C02Et 
Scheme 13 
base 
NH-Ts 
ЕЮгС, 
Г ~ Т ^ в Н і э 
Bn' ° 
29 
Reaction Conditions Yield (%) 
(a) 1 1eq t-BuOK, THF, O'C, overnight 
(b) 1 1 eq LDA, THF, 0"C, overnight 
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Although pyrrohdmone 7 could not be converted into the corresponding monoethoxycarbonyl 
pyrrohdinone 31 by treatment with NaCl-H2O-DMS0,24 it was obtained by employing LiBr- H2O-
l,3-dimethyl-2-imidazolidinone (DMI; 155 °C, 4h)2 5 (Scheme 14). The product was a 1 1 
C6H13 
Et0 2 c 
ЕЮ2С" 
."Ko 
NH-Boc 
Scheme 14 
LiBr-H20-DMI 
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Et02c N I 
H 
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о *· 
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NH-Ts °вНіз 
. and E t 0 2 C " - " 
ЕЮ2С' I H I 
H H 
32a/b (42 %) 
NH-Ts 
inseparable mixture of C-5 isomers which could be analyzed by 'H-NMR spectroscopy When the 
same procedure was applied to the pyrrohdinone 6, mono-de-ethoxycarbonylation was also achieved 
and the two C-5 isomers 32a/32b formed were readily separated by column chromatography. 
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Unfortunately, an attempt to determine the stereochemistry of the two isomers 32a/32b by 2D-
NOESY 'H NMR analysis failed to provide a clear answer. 
In conclusion, a novel synthetic strategy for the preparation of 3-amino-4-hexyl-5-
ethoxycarbonyl-pyrrolidin-2-ones is described. The intramolecular ring-opening reaction of activated 
aziridines proceeds smoothly under mild reaction conditions. During the course of the reactions, the 
relative configuration of aziridines was transferred successfully to the respective pyrrolidinones. The 
configurations of the pyrrolidinones were confirmed by X-ray analysis and 2D NOESY NMR studies. 
The same type of intramolecular ring-opening reaction also took place with epoxide analogues. In the 
case of N-Boc aziridines, bicyclic aziridines were obtained by altering the reaction conditions. The 
4,5-ci'j-pyrrolidinone could be synthesized from the same starting material 5 by a two-step reaction 
using hydriodic acid and subsequent treatment with NaOEt. 
Several factors which influence the ring-opening reactions were examined. The influence of 
the amide N-protecting group, the bulk of the nucleophilic moiety, and the configuration of aziridine 
were shown to alter the outcome of the reactions. The corresponding azetidinone 23 was obtained, in 
addition to the pyrrolidinone, by employing the p-methoxyphenyl protecting group. The mono-ester 
nucleophilic moiety of 28 attacked at the C-2 ring carbon and an azetidinone was obtained in low 
yield. The intramolecular ring-opening reactions of the cí'í-aziridinecarboxamide did not occur, 
probably due to the steric repulsion between the malonyl group and the 3-cw-hexyl group. 
A variety of ethyl or methyl 3-alkyI-aziridine-2-carboxylates are readily available as starting 
materials by reported methods implying that this methodology has, in principle, a wide scope.5 
2.3 Experimental Section 
Proton magnetic resonance spectra were measured on a Bruker WH-90, Broker AC-100 or a 
Bruker AM-400 spectrometer. Chemical shift values are reported as δ-values relative to 
tetramethylsilane as an internal standard. Mass spectra were obtained with a double focussing VG 
7070E spectrometer. IR spectra were recorded on a Perkin-Elmer 298 infrared spectrophotometer. 
Melting points were measured with a Reichert Thermopan microscope and are uncorrected. 
Recrystallizations were carried out using hexane-EtOAc unless stated otherwise. GLC was conducted 
with a Hewlett-Packard HP 5890 gas Chromatograph, using a capillary column (25m) of HP-1, and 
nitrogen at 2 ml/min (0.5 atm) as the carrier gas. Commercial n-BuLi solution in hexane (ca. 1.6M) 
was purchased from Merck. Hexane was distilled from calcium hydride. Diethyl ether (Et2Û) was pre-
dried over calcium chloride, then distilled from calcium hydride and again from sodium hydride. 
Tetrahydrofuran was freshly distilled from lithium aluminum hydride. 1,2-Dimethoxyethane was 
distilled from sodium hydride. Acetonitrile was distilled from phosphorus pentoxide. N,N,-
Dimethylformamide (DMF) was purified first by azeotropic distillation with benzene, and, after 
treatment with barium oxide, it was distilled in vacuo under nitrogen. All other solvents were obtained 
commercially and used without further purification. Thin-layer chromatography (TLC) was performed 
on silica gel F-254 plates (thickness 0.25 mm). Spots were visualized with a UV hand lamp, 
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К2СГ2О7 solution in dil H2SO4 or CI2-TDM 2 6 Column chromatography was carried out using silica 
60H (for flash chromatography, Merck, art nr. 7736) or silica 60 (Merck, art nr 7734) 
Standard procedure for preparation of aziridinecarboxamides: trans-l-(tert-
Butoxycarbonyl)-3-hexyl-aziridine-2-carbonylamino-maIonic acid diethylester (5). 
All the l-(tert-butoxycarbonyl)-3-hexylazindine-2-carboxamides were prepared from the 
corresponding 3-hexylazindine-2-carboxylic acid methyl (or ethyl) esters 3 according to this 
procedure To a solution of 3 (1.0 g; 5.4 mmol) in dry CH2CI2 (6 mL) under argon were added 4-
(dimethylamino)pyridine (1.6 g; 14 mmol) and di-tert-butyl dicarbonate (2.9 g, 14 mmol). The 
solution was stirred at room temperature for 2h, quenched with saturated aqueous NH4CI solution (25 
mL), poured into water, and extracted with ether (3 χ 50 mL). The combined extracts were washed 
with saturated aqueous KHSO4 solution, saturated aqueous ШгСОз solution and brine, dried 
(MgS04), filtered, and concentrated in vacuo. Chromatography (silica, hexane-EtOAc (7 1)) of the 
residue gave the N-Boc derivative (1.5 g, 97%). The pure product (0 77 g, 2.7 mmol) was dissolved 
in THF (14 mL) and treated with a 1.0 N aqueous solution of lithium hydroxide (5.4 mL). The 
mixture was stirred overnight at room temperature and then acidified with dilute H2SO4 to pH 3 and 
extracted with Et2Ü (3 χ 30 mL) The combined organic extracts were dried (MgS04), filtered and 
concentrated in vacuo to give N-(tert-butoxycarbonyl)-3-hexylaziridine-2-carboxyhc acid (0 72 g, 
98%) as a colorless oil. The acid was converted into 5 without further purification by using 
dicyclohexylcarbodnmide (DCC) as a condensing agent. The acid (0.69 g, 2.5 mmol), diethyl 
aminomalonate 2 7 (0.44 g, 2 5 mmol) and 1-hydroxybenzotnazole (0.38 g, 2.5 mmol) were dissolved 
in EtOAc (25 mL). The solution was stirred and cooled in an ice bath and then treated with DCC (0.57 
g, 2.8 mmol) The mixture was stirred for one hour at 0 °C and then overnight at room temperature. 
N.yV'-Dicyclohexylurea which separated was removed by filtration. The organic filtrate was washed 
with a 10% solution of citric acid in water (100 mL) and brine, dried (MgSC>4), filtered, and 
concentrated in vacuo Chromatography (silica, hexane-EtOAc (5.1)) gave 5 (0 91 g, 85%). 
Ethyl <rans-l-(tert-butoxycarbonyl)-3-hexylaziridine-2-carboxylate. Oil: IR (CCI4) 
2920, 1740, 1530, 1310, 1150 спН; Ή NMR (CDCI3) δ 0.88 (br. t, 3H, СЯ3(СН2)5), 1.23 - 1 46 
(m, 22H, СН3(СЯ2)5, ОСН2СЯ3, С(СН3)з), 2.7 - 2.82 (m, 2Н, CHNCH), 4.21+4.23 (2xq, J = 
7.2 Hz, 2Н, ОСЯ2СН3). HRMS (М+1)+; Caled for Ci6H3oN04: 300 2175 ; Found: 300.21761. 
írans-l-(tert-Butoxycarbonyl)-3-hexylaziridine-2-carbonyIamino-maIonic acid 
diethylester (5). Oil; IR (ССЦ) 3400, 2930, 1760, 1730, 1690, 1500 cm"1; ]H NMR (CDCI3) δ 
0.88 (br t, 3H, СЯ3(СН2)5), 1.22 - 1.47 (m, 25H, СН3(СЯ2)5- 2х0СН2СЯ3, С(СН3)з)), 2.5 - 2.7 
(m, IH, Hex-ŒN), 2.83 (d, J = 2.9 Hz, IH, NCHCO), 4.24 +4.26 (2xq, J = 7.1 Hz, 4H, 
2хОСЯ2СН3), 5.15 (d, J = 7.4 Hz, IH, NHŒ), 7.06 (d, J = 7.4 Hz, IH, NH). HRMS (M)+; 
Caled for C21H36N2O7: 428 2522; Found. 428.25273. 
Ethyl írans-3-hexyI-l-(toluene-4-sulfonyl)aziridine-2-carboxylate. To a solution of 3 
(1.3 g, 6.5 mmol) dissolved in dry CH2CI2 (33 mL) and tnethylamine (1 8 mL, 13 mmol), a catalytic 
amount of 4-dimethylaminopyndine and tosyl chloride (1.9 g, 9.8 mmol) were added sequentially 
under argon at 0 °C. After 30 min, the mixture was allowed to warm to room temperature, and then 
stirred for 2h at this temperature. The mixture was poured into a mixture of Et20 (50 mL) and brine 
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(100 mL), and extracted with Et20 (3 χ 40 mL). The combined organic extracts were washed with 
brine, dried (MgSCU), filtered, and concentrated in vacuo. The residue was purified by column 
chromatography (silica, hexane-EtOAc (10:1)) to give ethyl JV-tosyl aziridinecarboxylate (2.1 g, 
92%). mp. 63.5-64 °C; IR (ССЦ) 3060, 3030, 2955, 2925, 2855, 1740, 1595, 1460, 1445, 1380, 
1370, 1335, 1305, 1290, 1185, 1165, 1090, 1035, 920, 705, 690, 685, 635 c m 1 ; ·Η NMR 
(CDCI3) δ 0.9 (br t, 3H, СЯз(СН2)5). 1.1-1.7 (t+m, ПН, СНэ(СЯ2)4СН2, OCH2Ctf3), 1.95 (m, 
2H, CH3(CH2)4C//2), 2.4 (s, 3H, РІ1СЯ3), 3.05 (m, IH, Hex-CWN), 3.25 (d, J = 3.5 Hz, IH, 
NCHCO), 4.15 (q, 2H, OCtf2CH3), 7.3 (d, J = 7.5 Hz, 2H, 3, 5-Ph), 7.85 (d, J = 7.5 Hz, 2H, 2, 
6-Ph). MS (CI): m/e (relative intensity) 354 (19, M+l), 308 (6), 280 (100), 256 (13), 224 (5), 198 
(63), 183 (54), 172 (8), 155 (11), 137 (9), 124 (10), 109 (13), 91 (3), 55 (15), 43 (41). Anal. Caled, 
for Ci 8 H 2 7 N0 4 S (353.482): C, 61.16; H, 7.70; N, 3.96; Found: C, 61.42; H, 7.72; N, 4.02. 
3-Hexyl-l-(toluene-4-sulfonyl)aziridine-2-carbonylamino-malonic acid diethylester 
(4). This amino-malonic acid diethylester was prepared from ethyl N-tosyl aziridinecarboxylate 
according to the standard method foriV-Boc aziridinecarboxamide in 92% yield, oil; IR (CCI4) 3400, 
2920, 1755, 1690, 1500, 1340 cm"1; ·Η NMR (CDCI3) δ 0.89 (br t, ЗН, СЯ3(СН2)5), 1.15-1.70 
(m, 16Н, СН3(С//2)5, 2хОСН2СЯ3), 2.44 (s, ЗН, РЬСЯз), 2.8-3.0 (m, IH, Hex-C#N), 3.35 (d, 
J = 4.0 Hz, IH, NCHCO), 4.17+4.20 (2xq, J = 7.1 Hz, 4H, 2xOCÍ/2CH3), 4.96 (d, J = 7.3 Hz, 
IH, NHCtf), 6.8 (d, J = 7.5 Hz, IH, NH), 7.35 (d, J = 8.4 Hz, 2H, 3, 5-Ph), 7.88 (d, J = 8.3 Hz, 
2H, 2, 6-Ph). HRMS (M)+; Caled for C23H34N207S: 482.2087; Found: 482.20862. 
Intramolecular ring opening reactions of aziridine (or oxirane) carboxamides : 
Method A; A representative procedure using NaOEt: N-Boc aziridine-carboxamide 5 (0.77 g, 1.8 
mmol) was dissolved in absolute EtOH (50 mL), and a few drops of sodium ethoxide ( 1.3M in EtOH) 
were added under argon at room temperature. The reaction mixture was stirred overnight, then 
concentrated in vacuo. The residue was purified by column chromatography (silica, hexane-EtOAc 
(1:1)) to give pyrrolidinone 7 (0.60 g, 78%). 
Method B; A procedure using lithium diisopropylamide: W-Tosyl aziridine-carboxamide 4 (0.42 g, 
0.87 mmol) dissolved in dry THF (5 mL) was added under argon to lithium diisopropylamide (LDA) 
solution (33 mL, 0.029 M in THF) cooled at -78 °C. The mixture was stirred at -78 °C for 30 min at 
0 °C for 2 h, and then allowed to warm to room temperature and stirred overnight and then treated 
with saturated aqueous NH4CI solution (10 mL), water, and extracted with EtOAc (3 χ 40 mL). The 
combined organic extracts were washed with brine, dried (MgSCM), filtered and concentrated in 
vacuo. Column chromatography (silica.hexane-EtOAc (1:1)) gave pyrrolidinone 6 (0.13 g, 31%). 
Method C; A procedure using pyridine: Pyridine (0.54 mL, 7.0 mmol) was added under argon to a 
chloroform solution (0.35 mL) of 4 (0.25 g, 0.52 mmol) at room temperature. The mixture was 
stirred overnight and then treated with ice/water. The mixture was extracted with EtOAc (3x 15 mL), 
and the combined organic extracts were washed with dil. aqueous CUSO4 solution (3x 25 mL), brine, 
dried (MgS04), filtered and concentrated in vacuo. Column chromatography (silica, hexane-EtOAc 
(3:1) to (1:1)) of the residue gave 6 (0.10 g, 40%) and 4 (0.08 g, 32%). 
irans-3-(ToIuene-4-sulfonyl)amino-4-hexyl-5,5-di(ethoxycarbonyl)pyrrolidin-2-one 
(6). mp. 78 -80 °C; IR (ССЦ) 3420, 3300, 2920,1735, 1540, 1250 enr1; ]H NMR (CDCI3) δ 0.90 
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(br t, J = 6.0 Hz, 3H, СЯ 3(СН 2) 5), 1-1-1-7 (m, 16H, СН 3(СЯ 2) 5, 2хОСН2СЯ3), 2.3 (s, ЗН, 
РЬСЯз), 2.6-2.8 (m, IH, Нех-СЯ), 4.0 (dd, J = 9.0, 10 Hz,IH, СЯЫН), 4.29+4.31 (2xq, J = 7 
Hz, 4H, 2хОСЯ2СН3), 5.7 (br d, J = 9 Hz, IH, M-Ts), 6.8 (br s, IH, NHCO), 7.3 (d, J = 9 Hz, 
2H, 3, 5-Ph), 7.8 (d, J = 9 Hz, 2H, 2, 6-Ph). Anal. Caled, for C 2 3 H 3 4N 2 0 7 S: C, 57.24; H, 7.10; 
N, 5.80; S, 6.64; Found: С, 57.35; H, 7.07; Ν, 5.79; S, 6.75. 
frans-3-(tert-Butoxycarbonyl)amino-4-hexyl-5,5-di(ethoxycarbonyl)pyrn>Iidin-2-one 
(7). mp. 144-145 °C; IR (ССЦ) 3380, 3200, 2920, 1720, 1500, 1370 cm"1; ·Η NMR (CDCI3) δ 
0.87 (t, J = 6.8 Hz, ЗН, СЯз(СН 2 ) 5 ), 1.25-1.51 (m, 24Н, С(СН 3) 3, СН 3 (СЯ 2 )4СЯН, 
2хОСН2СЯ3), 1.71-1.80 (m, IH, СН3(СН2)4СНЯ), 2.6-2.8 (m, IH, Нех-СЯ), 4.23-4.32 (m, 
5Н, С Я Ш , 2хОСЯ2СН3), 4.92 (d, J = 8.9 Hz, IH, Nff-C02t-Bu), 6.55 (br s IH, NHCO). 
Anal.Calcd for C 2 i H 3 6 N 2 0 7 : C, 58.86; H, 8.47; N, 6.54; Found: C.58.81; H, 8.42; N, 6.56. 
2-(6-Hexyl-2,4-dioxo-l,3-diaza-bicyclo[3,l,0]hex-3-yl)-malonic acid diethylester 
(8). N-Boc aziridinecarboxamide 5 (0.50 g, 1.2 mmol) dissolved in dry THF (5 mL) was added 
under argon to lithium diisopropylamide solution (30 mL, 0.088M in THF) cooled to -78 °C. The 
mixture was stirred at -78 °C for 30 min and at 0 °C for 2.5h. The reaction mixture was then treated 
with saturated aqueous NH4CI solution (10 mL), water, and extracted with EtOAc (3 χ 40 mL). The 
combined organic extracts were washed with brine, dried (MgSC>4), filtered and concentrated in 
vacuo. Column chromatograpyh (silica, hexane-EtOAc (3:1)) of the residue gave bicyclic aziridine 8 
(0.31 g, 73%). oil; IR (ССЦ) 2920, 1795, 1740, 1390, 1250, 1180 cm 1 ; Ή NMR (CDC13) δ 0.80-
1.0 (br t, ЗН, СЯз(СН2)5), 1.23-1.80 (m, 16H, СН3(СЯ2)5, 2хОСН2СЯ3), 2.8-2.9 (m, IH, Нех-
СЯ), 3.22 (d, J = 3.1 Hz, IH, NCHCO), 4.29 (q, J = 6.9 Hz, 4H, 2хОСЯ2СН3), 5.10 (s, IH, 
СЯ(СО2Е02). HRMS (M)+; Caled for ^ 7 Η 2 6 Ν 2 0 6 : 354.1791; Found: 354.17886. 
Ethyl írans-l-(tert-butoxycarbonyl)-3-butyl-aziridine-2-carboxyIate.5 Oil; IR (ССЦ) 
2960, 1730, 1520, 1310, 1225, 1150 cm 1 ; Ή NMR (CDCI3) δ 0.89 (br t, ЗН. СЯ3(СН2)3), 1.2-
1.6 (m, 18Н, СН3(СЯ2)з, t-Bu, ОСН2СЯ3), 2.7-2.85 (m, 2Н, ŒNCtf), 4.21+4.24 (2xq, J = 7.2 
Hz, 2H, ОСЯ2СН3). HRMS (M-t-Bu)+; Caled for Ci0Hi8NO4: 216.1236; Found: 216.12381. 
l-(tert-Butoxycarbonyl)-3-butyl-azir¡dine-2-carbonylam¡no-acetophenone (9). Ethyl 
3-butylaziridine-2-carboxylate5 was converted into the corresponding N-Boc aziridinecarboxylic acid 
in the same manner as described for 5 in 71% yield. A stirred, cooled (0 °C) mixture of l-(tert-
butoxycarbonyl)-3-butyl-aziridinecarboxylic acid (0.60 g, 2.5 mmol) and iso-butyl chloroformate 
(0.34 mL, 2.8 mmol) in dry THF (25 mL) was treated with triethylamine (1.0 mL, 7.5 mmol) and 
stirred at the same temperature and after lh a-amino-acetophenone hydrogen chloride (0.47 g, 2.8 
mmol) was added. The reaction mixture was set aside at 0 °C for lh, and then allowed to attain room 
temperature overnight. The reaction mixture was treated with saturated aqueous NH4CI solution (10 
mL), water, and extracted with EtOAc (3 χ 40 mL). The combined organic extracts were washed with 
a 10% aqueous citric acid solution, saturated aqueous NaHC03 solution, brine, dried (MgS04), 
filtered and concentrated in vacuo. Column chromatography (silica, hexane-EtOAc (3:1)) of the 
residue gave 9 (0.55 g, 61%): mp. 137 - 138 °C; IR (ССЦ) 3400, 2960, 1720, 1675, 1480, 1160 
cm-
1; Ή NMR (CDC13) δ 0.92 (m, ЗН, СЯ3(СН2)3), 1.2-1.8 (m, 15Н, СН3(СЯ2)3, t-Bu), 2.58-
2.76 (m, IH, Bu-СЯ), 2.86 (d, J = 2.8 Hz, IH, NCHCO), 4.76 (d, J = 4.5 Hz, 2H, NHŒ2CO), 
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7.17 (br t, IH, NH), 7.45-7.67 (m, 3H, 3, 4, 5-Ph), 7.88-8.05 (m, 2H, 2, 6-Ph). Anal. Caled, for 
C20H28N2O4: C, 66.64; H, 7.83; N, 7.77; Found: C, 66.63; H, 7.65; N, 7.77. 
(6-Butyl-2,4-dioxo-l,3-diaza-bicyclo[3.1.0]hex-3-yl)-acetophenone (13). A stirred 
solution of N-Boc aziridinecarboxamide 9 (0.30 g, 0.84 mmol) in dry THF (25 mL) was treated with 
a catalytic amount of potasium tert-butoxide and then set aside at room temperature for 6h, and then 
treated with a dilute citric acid solution in water, and extracted with EtOAc (3 χ 40 mL). The combined 
organic extracts were washed with saturated aqueous №НСОз solution, brine, dried (MgS04), 
filtered and concentrated in vacuo. Column chromatography of the residue (silica gel, hexane-EtOAc 
(3:1)) gave bicyclic aziridine 13 (0.24 g, 99%) as an oil; IR (CCI4) 2920, 1790, 1725, 1700, 1410, 
1220 cm"1; >H NMR (CDCI3) δ 0.92 (br t, ЗН, СЯ3(СН2)3), 1.1-1.9 (m, 6Н, СН3(СЯ2)3), 3.08-
3.30 (m, 2Н, CHNCH), 4.80 (s, 2Н, NCtf2Ph), 7.32-7.80 (m, ЗН, 3, 4, 5-Ph), 7.80-8.02 (m, 2Н, 
2, 6-Ph). HRMS (M)+; Caled, for Ci6Hi8N203: 286.1317; Found: 286.13169. 
l-(tert-Butoxycarbonyl)-3-hexyl-aziridine-2-carbonylamino-acetic acid methyl ester 
(10). A stirred, cooled (0 °C) mixture of frartj-l-(tert-Butoxycarbonyl)-3-hexylaziridine-2-carboxylic 
acid and iso-butyl chloroformate (0.35 mL, 2.9 mmol) in dry THF (26 mL) was treated with 
triethylamine (1.1 mL, 7.8 mmol) and after lh with glycine methylester hydrogen chloride (0.36 g, 
2.9 mmol). The mixture was then stirred a further lh and then at room temperature overnight. The 
resulting mixture was treated with saturated aqueous NH4CI solution (10 mL), extracted with EtOAc 
and the combined organic extracts were washed with dilute aqueous citric acid, saturated aqueous 
NaHCC>3, brine, dried (MgSC<4), filtered, and concentrated in vacuo. Column chromatography of the 
residue (silica gel, hexane-EtOAc (2:1)) gave 10 as white crystals (0.63 g, 71%): mp. 92 - 93 °C; IR 
(CCI4) 3420, 2930, 1750, 1725, 1690, 1368, 1160 cm"1; >H NMR (CDCI3) δ 0.88 (br t, 3H, 
СЯ3(СН2)5), 1.20-1.60 (m, 19H, СН3(СЯ2)5, t-Bu), 2.54-2.72 (m, IH, Нех-СЯ), 2.81 (d, J = 
2.9 Hz, IH, NCHCO), 3.76 (s, ЗН, OCH3), 4.0244.05 (2xd, J = 5.4 Hz, 2H, NHC//2CO), 6.6 (br 
t, IH, NH). Anal. Caled, for Ci7H3oN205: C, 59.63; H, 8.83; N, 8.18; Found: С, 59.74; H, 8.95; 
N, 8.08. 
(6-Hexyl-2,4-dioxo-l,3-diaza-bicyclo[3.1.0]hex-3-yl)-acetic acid methyl ester (14). 
A stirred solution of N-Boc aziridinecarboxamide 10 (0.61 g, 1.8 mmol) in MeOH (52 mL) was 
treated with a few drops of NaOMe (1.3M in MeOH), stirred at room temperature overnight and then 
concentrated in vacuo. Column chromatography of the residue (silica, hexane-EtOAc (3:1)) gave 14 
(0.25 g, 52%) and unreacted 10 (0.18 g, 30%): oil; IR (CCI4) 2930, 1795, 1760, 1735, 1415, 1230 
cm"
1; ]H NMR (CDCI3) δ 0.89 (br t, ЗН, СЯ3(СН2)5), 1.2-1.8 (m, ЮН, СН3(СЯ2)5), 2.8-3.0 (m, 
IH, Нех-СЯ), 3.20 (d, J = 3.1 Hz, IH, NCHCO), 3.76 (s, ЗН, OCH3), 4.15 (s, 2H, NCH2). 
HRMS (M+l)+; Caled, for Ci3H2iN204: 269.1501; Found: 269.14999. 
frans-W-Benzyl-l-(tert-butoxycarbonyl)-3-hexylaziridine-2-carboxamide (11). Using 
the same procedure as for 9, frani-N-Boc-3-hexylaziridine-2-carboxylic acid (0.47 g, 1.7 mmol) was 
converted into 11 using iso-butyl chloroformate (0.26 mL, 2.0 mmol) as a condensing agent (0.61 g, 
99% yield): oil; IR (CCI4) 3400, 2920, 1725, 1685, 1550, 1250 cm"1; Ή NMR (CDCI3) δ 0.78-1.0 
(br t, ЗН, СЯз(СН2)5), 1.18-1.75 (m, 19Н, СН3(СЯ2)5, t-Bu), 2.48-2.69 (m, IH, Нех-СЯ), 2.82 
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(d, J = 3 0 Hz, IH, NCHCO), 4 42+4 44 (2xd, J = 5 9 Hz, 2H, ЫНСЯ2), 6 48 (br t, IH, NH), 
7 16-7 50 (m, 5H, Ph) HRMS (M+l)+, Caled for C21H37N2O3 361 2491, Found 36124992 
(6-Hexyl-2,4-dioxo-l,3-diaza-bicycIo[3.1.0]hex-3-yl)methyl benzene (15). A stirred 
cooled (0 °C) solution of N-Boc azindinecarboxamide 11 (0 35 g, 0 97 mmol) in dry THF (10 mL) 
was treated with a catalytic amount of potassium tert-butoxide, stirred at 0 °C for 2 5h, and then at 
room temperature overnight The reaction mixture was treated with a 10% aqueous solution of citric 
acid (10 mL), extracted with EtOAc (3 χ 25 mL), and the combined organic extracts washed with 10% 
aqueous citric acid, aqueous saturated NaHC03 and brine, dried (MgSOa), filtered and concentrated 
in vacuo Column chromatography of the residue (silica, hexane-EtOAc (7 1)) gave 15 as a white 
solid (0 18 g, 65%), which was, then recrystallized from pet -ether (60-80) mp 55-56 °C, IR (CCI4) 
2920, 1785, 1720, 1390, 1340 cm"1, »H NMR (CDCI3) δ 0 72-1 08 (br t, 3H, СЯ3(СН2)5), 1 08-
1 80 (m, ЮН, СН3(СЯ2)5), 2 36-2 60 (m, IH, Нех-СЯ), 3 10 (d, J = 3 0 Hz, IH, NCHCO), 4 52 
(s, 2H, NŒ2Ph), 7 20-7 60 (m, 5H, Ph) Anal Caled for Ci7H2 2N202 C, 71 30, H, 7 74, N, 
9 78, Found С, 71 42, H, 7 56, Ν, 9 61 
Methyl fra/is-l-(tert-butoxycarbonyl)-3-(benzyl)aziridine-2-carboxylate5 Oil, IR (CCI4) 
2590, 1750, 1730, 1370, 1315, 1155 огН, Ή NMR (CDCI3) δ 1 43 (s, 9Η, t-Bu), 2 69-3 15 (m, 
4H, CHNCH, СЯ2Рп), 3 73 (s, 3H, OCH3), 7 20-7 35 (m, 5Н, Ph) HRMS (M)+, Caled for 
Ci 5 H 2 iN0 4 291 1470, Found 291 14695 
¿ranf-l-(tert-Butoxycarbonyl)-3-(benzyI)aziridine-2-carbonylamino-acetophenone 
(12). Using a similar procedure as described for 9, N-Boc azindinecarboxamide 12 was prepared 
from N-Boc azindine methyl ester (0 68 g, 2 3 mmol) from the corresponding carboxyhc acid (0 57 
g, 89% yield) using iso-butyl chloroformate as the condensing agent in 61% total yield mp 135 5-
136 5 °C, IR (CCI4) 3310, 1700, 1650, 1565, 1320 cm ' , Ή NMR (CDCI3) δ 1 0-1 8 (s, 9H, t-
Bu), 2 7-3 2 (m, 4H, CЯNCЯ, СЯ2РЬ), 4 76 (d, J = 4 5 Hz, 2H, СЯ2СОРЬ), 7 0-7 7 (m, 9H, 
NH, aromatic-H), 7 8-8 1 (m, 2H, Ph) Anal Caled for C 2 3 H 2 6 N 2 0 4 C, 70 03, H, 6 64, N,7 10, 
Found С, 69 73, H, 6 62, Ν, 7 22 
[6-(BenzyI)-2,4-dioxo-l,3-diaza-bicyclo[3.1.0]hex-3-yl]-acetophenone (16). То a 
stirred cooled (0 °C) solution of N-Boc azindinecarboxamide 12 (0 34 g, 0 86 mmol) in dry THF (25 
mL) was added a catalytic amount of potassium tert-butoxide The mixture was stirred at 0 °C for 
3 5h, then at room temperature for 2 5h The reaction mixture was treated with a 10% aqueous citric 
acid solution, extracted with EtOAc (3 χ 40 mL) and the combined organic extracts washed with 
saturated aqueous NaHC03 and brine, dned (MgSÛ4), filtered, and concentrated in vacuo Column 
chromatography of the residue (silica, hexane-EtOAc (3 1)) gave 16 (0 24 g, 87%) oil, IR (CCI4) 
3015, 2930, 1790, 1725, 1700, 1410, 1220 cm ' , Ή NMR (CDCI3) δ 3 03 (d, J = 5 4 Hz, 2H, 
СНСЯ2РЬ), 3 24 (d, J = 2 6 Hz, IH, NCHCO), 3 32-3 57 (m, IH, СЯСН2РЬ), 4 78 (s, 2H, 
СОСЯ2РЬ), 7 20-7 76 (m, 8Н, 2xPh), 7 76-8 00 (m, 2Н, Ph) HRMS (M)+, Caled for 
Ci 9Hi6N 20 3 320 1161, Found 320 11574 
Methyl cis-3-hexyl-aziridine-2-carboxylate. Methyl cís-3-hexyl-oxiranecarboxylate was 
prepared according to a literature method via hydrogénation using the Lmdlar catalyst 5 · 2 8 oil, IR 
(CCI4) 2920, 1760, 1735, 1440, 1200 cm"1, Ή NMR (CDCI3) δ 0 88 (m, ЗН, СЯ3(СН2)5), 1 1-
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1.8 (m, ЮН, СН3(СЯ2)5), 3.1-3.3 (m, IH, Нех-С/ГО), 3.54 (d, J = 4.5 Hz, IH, OCHCO), 3.80 
(s, ЗН, ОСНз). A solution of methyl cij-3-hexyl-oxiranecarboxylate (1.1 g, 5.9 mmol), NaN3 (1.2 
g, 18 mmol), and NH4CI (0.94 g, 18 mmol) in MeOH (28 mL) was heated under reflux for 24h, and 
then concentrated in vacuo. The residue was triturated with ether and brine. The organic layer was 
washed with brine, dried (MgSC>4), filtered and concentrated in vacuo. Column chromatography of 
the residue (silica, hexane-EtOAc (4:1)) gave an inseparable mixture of two isomers (1.2 g, 89%, 
ratio 3.6:1 by GC). The mixture of the isomers (0.40 g, 1.7 mmol) in MJV-dimethylformamide (40 
mL) was treated with РРЬз (0.50 g, 1.9 mmol) at room temperature with stirring. The mixture was 
stirred for 3 days at room temperature and then heated under reflux for 4h. The cooled reaction 
mixture was diluted with ether (150 mL), and the organic solution washed with brine, dried (MgSC>4), 
filtered and concentrated in vacuo. Column chromatography of the residue (silica, hexane-EtOAc 
(3:1)) gave methyl cw-3-hexylaziridine-2-carboxylate (0.08 g, 25%): oil; IR (CCI4) 3260, 2920, 
1725, 1440, 1380, 1200 cm"1; Ή NMR (CDCI3) δ 0.88 (br t, ЗН, СЯ3(СН2)5), 1.1-1.7 (m, ПН, 
NH, СН3(СЯ2)5), 2.1-2.3 (m, IH, Нех-СЯ), 2.66 (d, J = 6 Hz, IH, NCH), 3.77 (s, ЗН, OCH3). 
HRMS (М+1)+; Caled. forCi5H28N04: 286.2018; Found: 286.20194. 
Methyl cis-l-(tert-butoxycarbonyl)-3-hexyl-aziridine-2-carboxylate. Using the standard 
procedure, eis-N-Boc-aziridinecarboxylic acid methyl ester was obtained in 65% yield: oil; IR (CCI4) 
2920, 1755, 1720, 1545, 1250, 1000 cm"1; Ή NMR (CDCI3) δ 0.88 (br t, ЗН, СЯ3(СН2)5), 1.1-
1.7 (m, 19H, СН3(СЯ2)5, t-Bu), 2.5-2.7 (m, IH, Нех-СЯ), 3.12 (d, J = 6.7 Hz, IH, NCH), 3.77 
(s, ЗН, ОСНз). HRMS (M+D+; Caled, for C 2 iH 3 7 N 2 0 7 : 429.2601; Found: 429.25973. 
cis-l-(tert-Butoxycarbonyl)-3-hexyl-aziridine-2-carbonylarnino-malonic acid diethyl 
ester (17). C/i-N-Boc-aziridinecarboxylic acid methyl ester was converted into the cis-
aziridinecarboxamide 17 in 45% yield by a method similar to that used for trans-N-Boc-
aziridinecarboxamide 5: oil; IR (CCI4) 3420, 2930, 1760, 1725, 1500, 1160 cm 1 ; Ή NMR (CDCI3) 
δ 0.88 (m, ЗН, СЯ 3(СН 2) 5) 1.1-1.8 (m, 25Н, СН3(СЯ2)5, t-Bu, 2хОСН2СЯ3), 2.46-2.72 (m, 
IH, Нех-СЯ), 3.04-3.25 (m, IH, NCH), 4.27 (q, J = 7.1 Hz, 4H, 2хОСЯ2СН3), 5.01-5.19 (br d, 
IH, СЯ(С02Еі)2), 7.4 (br d, IH, NH). HRMS (M+l)+; Caled, for C 2 iH 37N 20 7 : 429.2601; Found: 
429.25973. 
3,4-cis-3-(tert-Butoxycarbonyl)arnino-4-hexyl-5,5-di(ethoxycarbonyl)-pyrrolidin-2-
one (18). A stirred cooled (0 °C) solution of aziridine 5 (0.64 g, 1.5 mmol) in acetone (15 mL) was 
treated with hydriodic acid (1.5 mmol). The mixture was stirred for 3h at this temperature, then treated 
with water. The solid produced was filtered and the filtrate cake washed with water. The solid was 
dried in vacuo to give the crude product (0.49 g, 59%). The crude product without further purification 
was dissolved in absolute ethanol (15 mL) and treated with sodium ethoxide/ethanol (1.3 mmol) and 
stirred overnight at room temperature. The resultant mixture was treated with saturated aqueous 
NH4CI solution (30 mL), concentrated ¿л vacuo and the residue extracted with EtOAc (3x 40 mL). 
The combined organic extracts were washed with brine, dried (MgSC>4), filtered and concentrated in 
vacuo. Column chromatography of the residue (silica, hexane-EtOAc (2:1) to (1:1)) gave cis-
pyrrolidinone 18 (0.10 g,16%) and franj-pyrrolidinone 7 (0.09 g, 15%): mp. 109-110 °C; IR (CCI4) 
3420, 2920, 1705, 1485, 1365cm-1; ]H NMR (CDCI3) δ 0.87 (t, J = 6.4 Hz, ЗН, СЯ3(СН2)5), 1.2-
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1.6 (m, 25H, СН 3 (СЯ 2 ) 5 , t-Bu, 2хОСН2СЯ3), 2.9-3.0 (m, IH, Нех-СЯ), 4.2-4.3 (m, 4Н, 
2хОСЯ2СН3), 4.58 (dd, J = 8.4, 9.2 Hz, IH, ŒNH), 5.23 (d, J = 9.2 Hz, IH, СНШ), 7.13 (br 
s, IH, NHCO); Anal. Caled, for C21H36N2O7: С, 58.85; H, 8.48; Ν, 6.54. Found: С, 58.41; Η, 
8.64; Ν, 6.43. 
írens-3-Hexyl-oxirane-2-carbonylamino-malonic acid diethyl ester (19). Ethyl trans-Ъ-
hexyl-oxirane-2-carboxyIate 5 (2.0 g, 10 mmol) in EtOH (100 mL) and H 2 0 (90 mL) was heated 
under reflux for 5h in the presence of NaOH (0.80 g, 20 mmol). The reaction mixture was cooled to 
room temperature, concentrated in vacuo, then acidified to pH 3 with dilute H2SO4 and extracted with 
ether (3x 50 mL). The organic layer was extracted with 15% NaOH solution and the aqueous alkaline 
solution acidified to pH 3 with dilute H2SO4, and the mixture was then extracted with ether (3x 50 
mL). The combined organic extracts were dried (MgSC^), filtered and concentrated in vacuo to give 
fra«i-3-hexyl-oxirane-2-carboxylic acid (1.7 g, 99%). A solution of the crude product (1.7 g, 9.9 
mmol) and diethyl amino-malonate (2.3 g, 11 mmol) in EtOAc (80 mL) was treated with 
dicyclohexylcarbodiimide (DCC) (2.2 g, 11 mmol) at 0 °C for lh and overnight at room temperature. 
Then the white precipitate was filtered and washed with EtOAc (5x 20 mL), and the filtrate and the 
washings were combined and washed with saturated aqueous NaHC03 solution, a 10% aqueous citric 
acid solution, brine, dried (MgS04), filtered and concentrated in vacuo. Column chromatography 
(silica, hexane-EtOAc (5:1)) of the residue gave 19 (2.9 g, 88%): mp. 49-50 °C; IR (CCI4) 3400, 
2930, 1760, 1690, 1500, 1370 cm"1; Ή NMR (CDCI3) δ 1.75-1.01 (m, ЗН, СЯ3(СН2)5), 1.1-1.8 
(m, 16Н, СН3(СЯ2)5, 2хОСН2СЯ3), 2.96-3.19 (m, IH, Нех-СЯ), 3.27 (d, J = 2 Hz, IH, 
OCHCO), 4.27+4.29 (2xq, J = 7.1 Hz, 4H, 2хОСЯ2СН3), 5.14 (d, J = 5.6 Hz, IH, СЯ(СО2Е02), 
7.04 (d, J = 7.6 Hz, IH, NH). Anal. Caled, for Ci6H 2 7N0 6: С, 58.34; H, 8.26; Ν, 4.25; Found: С, 
58.81; Η, 8.33; Ν, 4.33. 
írans-5,5-Di(ethoxycarbonyl)-3-hydroxy-4-hexylpyrrolidin-2-one (20). A stirred 
solution of the oxiranecarboxamide 19 (0.40 g, 1.2 mmol) in EtOH (36 mL) under argon was treated 
with a catalytic amount of NaOEt/EtOH, set aside overnight at room temperature, and then 
concentrated in vacuo. Column chromatography (silica, hexane-EtOAc (3:1)) of the residue gave 19 
(0.09 g, 22%) and 20 (0.31 g, 78%): bp. 227 °C/2.0 mm Hg; IR (CCI4) 3540, 3430, 2930, 1740, 
1250, 1095 cm-1; Ή NMR (CDCI3) δ 0.75-1.08 (br t, ЗН, СЯ3(СН2)5), 1.10-2.10 (m, 16H, 
СН3(СЯ2)5, 2хОСН2СЯз), 2.55-2.86 (m, IH, Нех-СЯ), 3.86 (br s, IH, OH), 4.21 (d, J = 7 Hz, 
IH, СЯОН), 4.27+4.31 (2xq, J = 7.0 Hz, 4H, 2хОСЯ2СН3), 7.06 (br s, IH, NH). Anal. Caled, 
for Ci6H 2 7 N0 6 ; С, 58.34; H, 8.26; Ν, 4.25; Found: С, 58.80; Η, 8.18; Ν, 4.67. HRMS (Μ+1)+; 
Caled, for Ci6H2gN06: 330.1916; Found: 330.19166. 
frans-4-Methoxyphenyl-3-hexyl-l-(toluene-4-sulfonyl)aziridine-2-carbonylamino-
malonic acid diethyl ester (22). l - ( 4 - M e t h o x y p h e n y l ) - 3 - [ l - ( t o l u e n e - 4 -
sulfonylamino)heptyl]-4,4-di(ethoxycarbonyl)-azetidin-2-one (23). A cooled (-15 °C), 
stirred solution of ira/if-l-(toluene-4-sulfonyl)-3-hexylaziridine-2-carboxylic acid (0.78 g, 2.4 mmol) 
and diethyl (4-methoxyanilino)malonate (0.67 g, 2.4 mmol) in pyridine (9 mL) was treated with 
phosphorous oxychloride (0.25 mL, 2.6 mmol), maintained lh at the same temperature and then 
treated with ice/water (10 mL). The mixture was extracted with EtOAc (2 χ 30 mL), and the combined 
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organic extracts were washed with 1.5M aqueous CuS04(3 χ 100 mL), brine, dried (MgS04), 
filtered and concentrated in vacuo. Column chromatography (silica, hexane-EtOAc (3:1)) of the 
residue gave aziridinecarboxamide 22 (0.31 g, 22%) and azetidinone 23 (0.29 g, 21%). 
(22): oil; IR (CC14) 2920, 1740, 1680, 1250, 1160 сгИ; >H NMR (CDCI3) δ 0.85-0.96 (m, ЗН, 
СЯ 3(СН 2) 5), 1.11-1.45 (m, 13Н, СН 3 (СЯ 2 ) 3 СЯНСН 2 , 2хОСН2СЯ3), 1.50-1.75 (m, 2Н, 
СН 3(СН 2)зСНЯСН 2, СН 3(СН 2) 4СНЯ), 1.8-2.0 (m, IH, СЩ(СН2)4СНН), 2.44 (s, ЗН, 
С6Н4СЯз), 3.04-3.08 (m, IH, Нех-СЯ), 3.13 (d, J = 4.1 Hz, IH, NCHCO), 3.85 (s, ЗН, OCH3), 
4.0-4.2 (m, 4H, 2хОСЯ2СН3), 5.44 (s, IH, СЯ(С02Еі)2), 6.80-6.92 (m, 2H, 3, 5-С6Я4ОСНз), 
7.26-7.34 (m, 4Н, 2, 6-СбЯ4ОСН3, 3, 5-СбЯ4СН3), 7.81-7.84 (m, 2Н, 2, 6-С6Я4СН3). HRMS 
(М)+; Caled, for C3oH4oOgN2S: 588.2505; Found: 588.2503. 
(23): oil; IR (CCI4) 2920, 1760, 1510, 1330, 1250, 1165 enr'; »H NMR (CDCI3) δ 0.84 (t, J = 7.2 
Hz, ЗН, СЯз(СН2)5), 1.1-1.33 (m, 16Н, СН 3(СЯ 2) 5, 2хОСН2СЯ3), 2.40 (s, ЗН, С 6 Н 4 СЯ 3 ), 
3.78 (s, ЗН, ОСНз), 3.75-3.80 (m, IH, Нех-СЯ), 4.00 (d, J = 4.7 Hz, IH, NCHŒCO), 4.2-4.3 
(m, 2H, ОСЯ2СН3), 4.40 (q, J = 7.2 Hz, 2H, ОСЯ2СН3). 5.1 (d, J = 10 Hz, IH, NH), 6.81 (d, J 
= 9.0 Hz, 2H, 3, 5-С
б
Я4ОСН3), 7.27 (d, J = 9.0 Hz, 2H, 2, 6-СбЯ4ОСН3), 7.39 (d, J = 9.0 Hz, 
2H, 3, 5-С6Я4СНз), 7.75 (d, J = 8.1 Hz, 2H, 2, 6-С6Я4СНз). HRMS (M)+; Caled, for 
C3oH4o08N2S: 588.2505; Found: 588.2503. 
irons-l-(4-Methoxyphenyl)-3-(toluene-4-sulfonylamino)-4-hexyl-5,5-
di(ethoxycarbonyl)pyrrolidin-2-one (24). A stirred solution of aziridinecarboxamide 22 
(0.23 g, 0.39 mmol) in EtOH (5 mL) was treated with a few drops of NaOEt/EtOH (1.3M) and the 
mixture was stirred overnight at room temperature, concentrated in vacuo and column chromatography 
(silica, hexane-EtOAc (2:1)) of the residue gave azetidinone 23 (0.06 g, 26%) and pyrrolidinone 24 
(0.16 g, 69%): oil; IR (ССЦ) 3300, 2920, 1730, 1550, 1250, 1170 cm"1; Ή NMR (CDCI3) δ 0.89 
(t, J = 6.9 Hz, ЗН, СЯз(СН 2) 5), 0.94 (t, J = 7.1 Hz, ЗН, ОСН2СЯ3), 1.21-1.48 (m, 11 H, 
СН3(СЯ2)4СН2, ОСН2СЯ3), 1.89-1.96 (m, 2H, СН3(СН2)4СЯ2), 2.37 (s, ЗН, С6Н4СЯ3), 2.98-
3.04 (m, IH, Нех-СЯ), 3.75 (s, ЗН, ОСН3), 3.89 (dq, J = 2, 7.2 Hz, IH, ОСНЯСН3), 3.96 (dd, 
J = 8.0, 12 Hz, IH, NHŒCO), 4.04 (dq, J = 2, 7.2 Hz, IH, ОСНЯСН3), 4.29 (dq, J = 3, 7.2 
Hz, IH, ОСЯНСН3), 4.38 (dq, J = 3, 7.2 Hz, IH, ОСЯНСН3), 5.27 (d, J = 7.8 Hz, IH, CHNH), 
6.78-6.82 (m, 2H, 3, 5-СбЯ4ОСН3), 6.98-7.02 (m, 2H, 2, 6-С6Я4ОСН3), 7.26 (d, J = 8.2 Hz, 
2H, 3, 5-С6Я4СН3), 7.83 (d, J = 8.2 Hz, 2H, 2, 6-С 6 Я 4 СН 3 ). HRMS (M)+; Caled, for 
C3oH4oOgN2S: 588.2505; Found: 588.2509. 
írans-3-Butyl-oxirane-2-carbonyl-(/V-methyl)amino-malonic acid diethyl ester (25). 
Ethyl íraní-3-butyl-oxirane-carboxylate (0.85 g, 4.9 mmol) was hydrolysed with LiOH/H20 (LOM) 
using the standard method as described for (5). A stirred solution of the oxiranecarboxylic acid (0.60 
g, 4.2 mmol, 85% yield) thus obtained, diethyl (methylamino)malonate (0.79 g, 4.2 mmol) and 1-
hydroxybenzotriazole (0.64 g, 4.2 mmol) in EtOAc (60 mL) was treated with 
dicyclohexylcarbodiimide (0.87 g, 4.2 mmol) at 0 °C for lh and at room temperature overnight. After 
standard workup and column chromatography (silica, Hexane-EtOAc (3:1)), 25 (0.50 g, 38%) was 
obtained: oil; IR (CC14) 2960, 1740, 1665, 1465, 1300 cm ' ; 'H NMR (CDCI3) δ 0.8-1.1 (m, ЗН, 
СЯз(СН2)з), 1.2-1.9 (m, 12Н, СН3(СЯ2)з, 2хОСН2СЯ3), 3.1-3.3 (m, IH, Bu-СЯ), 3.25 (s, ЗН, 
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NCH 3 ), 3.48 (d, J = 2.0 Hz, IH, OCHCO), 4 1-4 4 (m, 4H, 2хОСЯ2СН3), 5.91 (s, IH, 
СЯ(СО2Е02) HRMS (М)+ Caled for C1 5H2506N. 315 16819, Found· 315 16821. 
trans-4-Buty 1-5,5-di(ethoxy car bony l)-3-hydroxy-l-methyl-pyrrolidin-2-one (26). 
The γ-lactam cychzation reaction was carried out following the standard procedure for intramolecular 
ring opening of azindinecarboxamides (method A) using a catalytic amount of NaOEt/EtOH After 
purification by column chromatography (silica, Hexane-EtOAc (2:1 )), 26 was obtained in 93% yield 
as an oil; IR (CCI4) 3400, 2960, 1740, 1720, 1240 cirri; ]H NMR (CDCI3) δ 0.91 (t, J = 7.2 Hz, 
3H, СЯ3(СН2)3), 1.25-1 35 (m, 12H, СН3(СЯ2)3, 2хОСН2СЯ3), 2.6-2.7 (m, IH, Bu-СЯ), 2.95 
(s, 3H, NCH3), 3.7 (br s, IH, OH), 4.08 (d, J = 10 Hz, IH, СЯОН), 4.27 (q, J = 7.2 Hz. 2H, 
ОСЯ 2СН 3), 4.32 (q, J = 7.2 Hz, 2H, ОСЯ2СН3). HRMS (M+H)+ Caled, for C i 5 H 2 6 0 6 N : 
316.17601: Found; 316.17618. Anal. Caled.: С, 56 95; H, 8.28; Ν, 4.43; Found. С, 57 29; Η, 
8.28, Ν, 4.43. 
[íraní-3-Hexyl-l-(toluene-4-suIfonyl)aziridine-2-carbonyI-(N-benzyl)am¡no]-acetic 
acid ethyl ester (28). Using the standard method as described for (5), by DCC coupling in the 
presence of 1-hydroxybenzotnazole (0.37 g, 2.4 mmol), rraní-l-(toluene-4-sulfonyl)-3-
hexylaziridine-2-carboxylic acid (0.79 g, 2 4 mmol) was condensed with N-benzylglycine ethyl ester 
(0 52 g, 2.6 mmol) to give 28 (1.1 g, 87%): oil; IR (CCI4) 2920, 1745, 1670, 1450, 1330, 1160 enr 
!; lH NMR (CDC13) δ 0.7-1.08 (br t, 3H, СЯ 3 (СН 2 ) 5 ), 1 08-2.1 (m, 13H, СН 3 (СЯ 2 ) 5 , 
ОСН 2СЯз), 2.41 (s, ЗН, РЬСЯ3), 3.05-3.40 (m, IH, Нех-СЯ), 3 51 (d, J = 4.2 Hz, IH, 
NCHCO), 3.85-4.30 (m, 4H, СЯ2С02Еі, ОСЯ2СН3), 4.75 (d, J = 3 Hz, 2H, СЯ2РЬ), 7 00-7.46 
(m, 7H, CH2Ph, 3, 5-СбЯ4СН3), 7.70-7 94 (m, 2H, 2, 6-С6Я4СН3) HRMS (M)+; Caled, for 
C 2 7 H 3 6 N 2 0 5 S· 500 2345; Found· 500.2344. 
cis- 1-Benzyl-[1 -(toluene-4-sulfonylamino)-hept-l-yl]-4-ethoxy car bony l-azetidin-2-
one (29). Method A (with LDA): Lithium dnsopropylamide (0.99 mmol, 0.20M m THF) was 
added to a stirred solution of azindine 28 (0.45 g, 0.90 mmol) in dry THF (25 mL) under argon 
cooled to -78 °C. The reaction mixture was allowed to warm to 0 °C and then stirred at the same 
temperature overnight The reaction mixture was treated with 10% aqueous citric acid, extracted with 
EtOAc (3x 30 mL), the combined organic extracts washed with aqueous saturated NaHC03, brine, 
dried (MgS04), filtered and concentrated in vacuo. Column chromatography (silica, hexane-EtOAc 
(3:1)) of the residue gave 28 (0.24 g) and azetidinone 29 (0 03 g, 7%). 
Method В (with tert-BuOK): Azindinecarboxamide 28 (0.34 g, 0 68 mmol) in dry THF (5 mL) 
was added to a stirred cooled (0 °C) solution of tert-BuOK (0 084 g, 0 75 mmol) in THF (20 mL) 
under argon, and then stirred overnight at 0 °C. The same workup as described in method A was 
followed to give 28 (0.13 g, 38%) and 29 (0 07 g, 19%): oil, IR (CC14) 3340, 2920, 1745, 1560, 
1350 cm-1; Ή NMR (CDCI3) δ 0 80-0.86 (m, ЗН, СЯ3(СН2)5), 1.05-1.6 (m, 13Н, СН3(СЯ2)5, 
ОСН2СЯ3), 2.41 (s, ЗН, С6Н4СЯз), 3.61 (dd, J = 4.7, 5.9 Hz, IH, СЯССЖВп), 3.69-3.78 (m, 
IH, СНШІ), 3.95 (d, J = 5.9 Hz, IH, СНСО), 4.13+4 27 (2s, IH, СНЯРЬ), 4.27+4 31 (2q, J = 
4.3 Hz, 2H, ОСЯ2СН3), 4 77+4.92 (2s, IH, СЯНРЬ), 5.13 (d, J = 9.4 Hz, IH, NH), 7.18-7.21 
(m, 2H, CH2PA), 7 26-7.35 (m, 5H, CH2PA, 3, 5-СбЯ4СН3), 7.73-7.76 (m, 2H, 2, 6-С6Я4СН3). 
HRMS (M)+; Caled, for C 2 7H 36N 20 5S. 500.2345; Found· 500 2345. 
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Chapter 3 
Ring-opening Reactions of Aziridin-1-yl-amides. 
3.1 Introduction 
The entropy associated with the synthesis of ring systems by means of ring-closure 
reactions increases sharply as the systems become larger than six membered. In the course of a 
study on intramolecular ring-opening reactions of aziridines, it was anticipated that it might be 
possible to form a seven-membered ring system by the ring expansion of N-acylated aziridines. As 
described in the proceeding chapter, the malonyl carbanion attached to the C-2 carbon of the 
aziridine-ring opened this ring intramolecularly to form pyrrolidinone rings. The nucleophilic 
moiety may however also be connected to the aziridine nitrogen atom. Intramolecular aziridine-ring 
opening by a malonyl group in such a position is quite feasible. Ring-expanded products therefore 
may arise from intramolecular ring-opening reactions of appropriately N-substituted aziridines. In 
this chapter, the attempted synthesis of seven-membered ring compounds by an intramolecular ring 
expansion is described. 
3.2 Results and Discussion 
An appropriate N-substituted aziridine for this ring expansion can conveniently be prepared 
by acylating aziridin-2-carboxylic ester with crotonyl chloride and subsequent conjugate addition of 
malonate carbanion as depicted in Scheme 1. 
Scheme 1 
o o s 
Ν
Λ^\
 b лХ' 
В^Ч Ё _ ^ η Ν Λ ^со2, ^ *
 В
Л
С 0 n. ^* Ч С
4
* 
C0 2 R' C0 2 R' 
Reagents: 1a; R=trens -Bu, R'=Et (49%) 
(a) crotonyl chloride, Et
 3N/THF; 1 b; R=trans -Me, R'=Et (58%) 
(b) NaH, diethyl malonate/THF. 1c; R=c/s -Me, R'=Me (58%) 
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No reaction occurred when the acylated aziridine 1 was treated with either a catalytic amount 
or a stoichiometric quantity of sodium ethoxide in ethanol at room temperature, or when heated 
under reflux. Treatment of 1 with a solution of triethylamine in benzene also gave no reaction. 
Apparently the acyl functionality does not activate the aziridine sufficiently. A higher activation of 
the aziridine ring can be achieved by means of a Lewis acid. Moreover, such a Lewis acid may 
promote the abstraction of the malonyl proton. 
Combinations of Lewis acids and triaJkylamines are used frequently in aldol reactions.3 
1,3-Diketones or malonic acid esters undergo condensation reactions with the assistance of Lewis 
acids. Examples of the latter category of reactions are the titanium-mediated cyclizations of ß-keto 
esters with acetáis reported recently.4 Moreover, Lewis acid-trialkylamine combinations have been 
applied successfully in Michael type reactions.5 This acid-base combination could be effective for 
aziridine ring-opening reactions (Scheme 2). 
Scheme 2 
Et02C C02Et 
EtO 
О 
%L.A.-HNEt3 
When titanium tetrachloride and triethylamine were added to a solution of aziridine la in 
dichloromethane (Scheme 3) at -78 °C, the chlorinated product 2 was obtained in 89% yield (Table 
Scheme 3 
ο N C02Et /V 
C02R' Н - Л L , 
,C02Et 
C02Et 
•C02R' 
1a; R-transBu, R'=Et 3a 
1b; R=irans-Me, R'=Et 3b 
1c; R=c;s-Me, R'=Me 3c 
1, entry 1). The chlorine substituent must have been supplied by T1CI4 in the form of HCl. 
Bu NH \ 0 a E t 
C l ' ^ t X > 2 E t 
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This observation that chlorination takes place at such low temperature (-78 °C) made it 
necessary to use a Lewis acid which does not release powerful nucleophilic species. The use of 
boron trifluoride etherate was investigated in this respect (entries 2 and 3). A rearrangement 
reaction took place with this Lewis acid to give the oxazoline 3a. Acid-promoted rearrangements of 
acylated aziridines to oxazolines have been studied extensively1 and Lewis acids were among the 
reagents that promote such conversions.2 
Table 1. Lewis Acid promoted reactions of acylated aziridines 
Entry 
1 
2 
3 
4 
5 
6 
Substrate 
1a 
1a 
1a 
1a 
1b 
1c 
Reaction Conditions8 
TiCU + Et3N 
BF3 Et 2 0 + 
BF3 Et 2 0 
Bu2BOTf 
Bu2BOTf 
Bu2BOTf 
Et3N 
Product 
2 
3a 
3a 
3a 
3b 
3c 
Yield(%) 
89 
55 
77 
78 
85 
50 
a
 CH2CI2 as solvent; -78 - 0 °C. then 0 °C for 1 - 3h. 
The same reaction conditions with a ß-keto ester analogue 4 or a 1,3-diketone 5 resulted 
merely in formation of oxazolines in varying yields. The presence of Et3N in these reactions did 
not influence the reaction course, nor did the difference in size (methyl or hexyl) of the 2-substituent 
at the aziridine ring. 
»»Avt . a H ' *«¿^*~ »s^^C 
^ " ^ C 0 2 E t ^ ^ C 0 2 E t ^ ~ ^ C 0 2 E t C02Et 
An alternative Lewis acid, dibutylboron tritiate (ВигВОТг). also resulted in a similar 
reaction (entry 4). The aziridine rearrangement was also observed in the reaction of both the trans 
-aziridine lb and the cis -lc.6 No reaction was detected with the combination of the weaker Lewis 
acid, triethyl borate [В(ОЕ0з] and Et3N. Aziridine 6, which has an N-substituent with a shorter 
chain, was prepared to investigate the possible influence of the chain length on the ring expansion. 
If the desired reaction of the malonyl moiety with the aziridine ring would occur, a favorable six-
membered ring product would arise. However, on treatment with dibutylboron tritiate this 
substrate gave an oxazoline. With triethyl borate no reaction took place. 
These experiments show that Lewis acid-activation of acylated aziridines merely promotes 
rearrangenents involving the acyl group to form oxazolines. Such a reaction is not possible when 
the carbonyl group in this aziridinylamide is replaced by a sulfonyl group. For this purpose 
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compound 7 containing a malonyl moiety was prepared. On treatment of sulfonamide 7 with 
boiling sodium ethoxide in ethanol no cyclization was observed. It should be noted that a sulfonyl 
group provides sufficient activation of an aziridine ring for ring opening reactions (see Chapter 2). 
The failure of 7 to react is therefore unexpected. 
3.3 Conclusion 
The attempted nucleophilic ring-expansion reaction of malonate containing aziridinylamides 
1 did not result in the formation of seven-membered products but instead gave oxazolines by a 
reaction involving the amide carbonyl group. Replacement of the carbonyl in the amide by a 
sulfonyl function, thus preventing the oxazoline formation, did not result in the desired ring-
expansion reaction to a seven-membered product either. 
3.4 Experimental Section 
2-[3-(/rens-3-Butyl-2-ethoxycarbonyl-aziridin-l-yl)-l-methyl-3-oxo-propyl]-
malonic acid diethyl ester (la). A stirred, cooled (0 °C) solution of ethyl trans-3-
butylaziridine-2-carboxylate^ (1.3 g, 7.6 mmol) in THF (100 mL), was treated dropwise with Et3N 
(1.3 mL, 9.1 mmol) and crotonyl chloride (0.81 mL, 7.6 mmol) and then set aside at 0 °C for 2h. 
The mixture was treated with saturated aqueous NH4CI (50 mL) and extracted with EtOAc (3x 40 
mL). The combined organic extracts were washed with saturated aqueous ЫаНСОз (100 mL), 
brine (100 mL), dried (MgS04), filtered, and concentrated in vacuo. Column chromatography 
(silica, hexane-EtOAc (5:1)) of the residue gave 1.2 g (66%) of the N-crotonylaziridineamide as an 
oil. !H NMR (CDC13)8 0.75-1.08 (m, 3H, СЯ 3(СН 2) 3), 1.19-l.70( m, 9H, СН3(СЯ2)з, 
ОСН2СЯ3), 1.88 (d, J = 6.8 Hz, 3H, СЯ3СН=СН), 2.76-2.98 (m, 2H, CHCHCO), 4.19 (q, J = 
7.1 Hz, 2H, ОСЯ2СН3), 5.95 (d, J = 15 Hz, IH, СОСЯ=СН), 6.97 (dq, J = 6.9, 16 Hz, IH, 
СОСН=СЯ). 
The crude amide (1.2 g, 5.0 mmol) in THF (6 mL) was added to a 0.5M THF solution of 
sodium diethyl malonate (6.0 mmol) at 0 °C. The mixture was stirred at r.t. for 3h, and then treated 
with saturated aqueous NH4CI (50 mL). The usual work-up procedure, followed by purification 
(column chromatography on silica gel, using hexane-EtOAc (5:1) as eluent) gave la (0.98 g, 49%) 
as an oil. IR (CCI4) 2960, 1730, 1540, 1250, 1200 cm"1; >H NMR (CDCI3) δ 0.80-1.02 (m, ЗН, 
СЯ 3 (СН 2 )з), 1.11 (d, J = 6.6 Hz, ЗН, СЯ 3 СНСН 2 ), 1.18-1.60 (m, 15Н, СН 3 (СЯ 2 ) 3 , 
ЗхОСН2СЯз), 2.17-2.56 (m, 2Н, СОСН2), 2.66-2.94 (m, ЗН, СН3СЯСН2, СНСНСО), 3.46 
(d, J = 5.7 Hz, IH, СЯ(СО 2Е0 2), 4.20 (q, J = 7.1 Hz, 6H, ЗхОСЯ2СН3). MS (CI) m/e; 
(relative intensity):400 (M+l) (90), 354 (16), 229 (100), 183 (76), 141 (23). HRMS: Caled, for 
C2oH34N07 (M+l); 400.23353. Found: 400.23351. 
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2-[3-(<renï-2-Ethoxycarbonyl-3-methyI-aziridin-l-yl)-l-methyl-3-oxo-propyl]-
malonic acid diethyl ester (lb). A stirred, cooled (0 °C) solution of ethyl trans -3-methyl-
aziridine-2-carboxylate7 (0.40 g, 3.1 mmol) in THF (40 mL) was treated with Et3N (0.47 mL, 3.4 
mmol) and crotonyl chloride (0.36 mL, 3.4 mmol). After lh at this temperature, saturated aqueous 
NH4CI solution was added, followed by conventional work-up. The crotonyl amide (0.59 g) was 
used in the following reaction without further purification. The crude amide was dissolved in dry 
THF (5 mL), and added to a THF solution (0.33M) of sodium diethyl malonate (3.3 mmol) at 0 °C. 
The reaction mixture was stirred overnight at room temperature, saturated aqueous NH4CI solution 
was then added, followed by a conventional work-up procedure. Purification by column 
chromatography (silica, hexane-EtOAc (3:1)) gave lb (0.64 g, 58%, total yield after two steps) as 
an oil. IR (CCI4) 2980, 1740, 1430, 1300, 1200 cm-1; >H NMR (CDCI3) 8 1.11 (d, J = 6.6 Hz, 
3H, Œ3CHN), 1.19-1.41 (m, 12H, ЗхОСН2СЯ3, СЯ3СНСН2), 2.32-2.58 (m, 2H, СОСН2), 
2.60-2.95 (m, ЗН, СН3СЯСН2, СНСНСО), 3.44 (2 d, J = 2.1, 6.6 Hz, IH, C//(C02Et)2), 4.20 
(q, J = 7.1 Hz, 6H, ЗхОСЯ2СН3). 
2-[3-(cis-2-Ethoxycarbonyl-3-methyl-aziridin-l-yl)-l-methyl-3-oxo-propyl]-
malonic acid diethyl ester (le). Methyl 1-crotonyl-cíí -3-methyl-aziridine-2-carboxylate was 
prepared according to a literature method6 (crotonyl chloride in place of benzyloxycarbonyl chloride 
was used). The aziridinecarboxylate was prepared as a 1-trityl aziridinecarboxylate.6 Removal of 
the trityl group followed by reaction with crotonyl chloride proceeded in quantitative yield. This 
aziridine was obtained as an oil and was used in the following reaction without further purification: 
IR (CCI4) 2960, 1750, 1690, 1650, 1440, 1325 cm1 ; Ή NMR (CDCI3) δ 1.40 (d, J = 5.5Hz, 
ЗН, Ctf3CHN), 1.90+1.92 (2d, J = 6.9 Hz, ЗН. СЯ3СН=СН), 2.78 (dq, J = 5.5, 6.6 Hz, IH, 
CH3C/ÍN), 3.20 (d, J = 6.6 Hz, IH, NCHCO), 3.81 (s, ЗН, OCH3), 6.00+6.02 (2d, J = 15 Hz, 
IH, СН3СН=СЯ), 7.03 (dq, J = 6.9, 15 Hz, IH, СН3СЯ=СН). MS (CI) m/e (relative intensity): 
184 (38), 168 (6.6), 152 (7.1), 124 (12). 
The crude crotonyl aziridine was then treated with sodium diethyl malonate following the 
standard method described for la. Thus, lc was obtained in 58% yield as an oil. 
(le): IR (CCI4) 2980, 1740, 1445, 1370, 1305, 1200 cm 1 ; ·Η NMR (CDCI3) δ 1.08 (d, J = 6.1 
Hz, ЗН, CW3CHN), 1.19-1.40 (m, 9H, 2хОСН2СЯ3, СЯ 3 СНСН 2 ), 2.34-2.92 (m, 4H, 
CH2CO, CH3C/fCH2, CH3CflN), 3.22 (d, J = 6.5 Hz, IH, NCHCO), 3.37 (d, J = 6.1 Hz, IH, 
C//(C02Et)2), 3.79 (s, 3H, OCH3), 4.18 (q, J = 7.1 Hz, 4H, 2хОСЯ2СН3). MS (CI) m/e 
(relative intensity): 344 (M+l) (35), 298 (21), 229 (100), 183 (98), 141 (68). 
2-[N-(2-Chloro-l-ethoxycarbonyl-hexyl)carbamoyl-l-methyl-ethyl]-malonic acid 
diethyl ester (2). A stirred, cooled (-78 °C) solution of ТіСЦ(0.17 mL, 1.5 mmol) in dry 
CH2C12 (2 mL) was treated dropwise with a mixture of Et3N (0.10 mL, 0.75 mmol) and aziridine-
amide la (0.30 g, 0.75 mmol) in CH2C12 (2 mL) and was then maintained at the same temperature 
for 4.5h. The reaction mixture was treated with saturated aqueous NH4CI solution and then 
extracted with ether. The combined organic extracts were washed with brine, dried (MgS04) and 
concentrated in vacuo.. Column chromatography of the residue (silica, hexane-EtOAc (3:1)) gave 
compound 2 (0.29 g, 89%) as oil; IR (CCI4) 3420, 2960, 1740, 1680, 1490, 1370 cm"1; Ή NMR 
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(CDCI3) δ 0 80-1.05 (m, ЗН, СЯ3(СН2)3). 109 (d, J = 6.6 Hz, ЗН, СЯ3СНСН2), 1.20-2 09 
(m, 15Н, ЗхОСН2СЯ3, СН 3 (СЯ 2 ) 3 ), 2.17-2 46 (m, 2Н, СОСН2), 2.54-2 93 (m, IH, 
СН3СЯСН2), 3 46 (d, J = 6.5 Hz, IH, СЯ(С02Еі)2), 4.21 (q, J = 6.9 Hz, 6H, ЗхОСЯ2СН3, 
+m, IH, CHCl), 4.90 (dd, J = 3 and 8 Hz, IH, CtfNH), 6.59 (br d, IH, NH). MS (CI) m/e 
(relative intensity): 436 (M+l) (17), 400 (18), 229 (100), 183 (55), 141 (25). 
2-[2-(irans-5-Butyl-4-ethoxycarbonyl-4,5-dihydro-oxazol-2-yl)-l-methyI-ethyl]-
malonic acid diethyl ester (За). A stirred, cooled (-78 °C) solution of the aziridine la (0.30 
g, 0.75 mmol) in dry СН2С12 (4 mL), maintained under argon, was treated with boron tnfluonde 
etherate (0.20 mL, 0.75 mmol). The mixture was allowed to warm to 0 °C over 2.5h and then 
stimed at the same temperature for 2h. The mixture was treated with saturated aqueous NH4CI 
solution (10 mL) and the reaction mixture was extracted with CH2C12 (15 mL). The combined 
organic extracts were washed with brine, dried (MgSC>4), filtered and concentrated in vacuo. 
Column chromatography of the residue (silica, hexane-EtOAc (3:1)) gave the oxazohne 3a (0 23 g, 
77%) as an oil. IR (ССЦ) 2960, 1740, 1660, 1460, 1370, 1180 cm"1; Ή NMR (CDCI3) δ 0 80-
1.00 (m, ЗН, СЯз(СН2)з), 1.08 (d. J = 6 7 Hz, ЗН, СЯ 3 СНСН 2 ) , 1.19-1.85 (m, 15Н, 
ЗхОСН2СЯ3, СН3(СЯ2)з), 2.15-2.55 (m, 2Н, CNOCH2), 2.55-2.90 (m, IH, СН3СЯСН2), 
3.25+3.55 (2d, J = 7 Hz, IH, СЯ(С02Еі)2), 4.09^.31 (m, 7H, ЗхОСЯ2СН3, CHN), 4.50-4.75 
(m, IH, CHO). MS (CI) m/e (relative intensity): 370 (100), 326 (12), 324 (17), 296 (17), 250 
(14), 240 (40), 213 (37), 199 (19), 166 (77). 
2-[2-(frans-4-Ethoxycarbonyl-5-methyl-4,5-dihydro-oxazol-2-yl)-l-methyl-ethyl]-
malonic acid diethyl ester (3b). The same method used for За was followed except that 
dibutylboron tritiate was used, with stirring at 0 °C for 3h, instead of boron tnfluonde etherate with 
stirnng at 0 °C for 2h, compound 3b was obtained in 85% yield as an oil, IR (ССЦ) 2980, 1730, 
1650, 1370, 1190 cm 1 ; lH NMR (CDCI3) δ 1.09 (d, J = 6.8 Hz, ЗН, СЯ3СНО), 1.25-1.31 (m, 
9Н, ЗхОСН2СЯ3), 1.26+1.57 (2d, J = 6.4 Hz, ЗН, СЯ3СНСН2), 2.32+2.35 (2dd, J = 4.8, 9 2 
Hz, IH, CH2CNO), 2.51+2.55 (2d, J = 4.8 Hz, IH, CH2CNO), 2.65-2 78 (m, IH, 
СН3СЯСН2), 3.36+3.44 (2d, J = 8.0 Hz. IH, СЯ(С02Еі)2), 4.17-4.25 (m, 7H, ЗхОСЯ2СН3, 
NCHCO), 4 76 (dt, J = 6.0, 6.8 Hz, IH, CHO). MS (CI) m/e (relative intensity): 358 (M+l) 
(100), 312 (42), 284 (46), 266 (14), 238 (13), 198 (64), 192 (44), 171 (80). 
2-[2-(cis-4-EthoxycarbonyI-5-methyl-4,5-dihydro-oxazol-2-yl)-l-methyl-
ethyl]-malonic acid diethyl ester (3c). The oxazoline 3c was obtained in 50% yield as an 
oil using the same method as descnbed for 3b except with stirnng for lh at 0 °C instead of 3h at 
this temperature. ] H NMR (CDCI3) δ 1.13 (d, J = 6.6 Hz, ЗН, СЯ3СНО), 1.20-1.34 (m, 9Н, 
2хОСН2СЯз, СЯ3СНСН2), 2.33+2.48 (2d, J = 5 6 Hz, 2Н, CNOCH2), 2.54-2 90 (m, IH, 
СН3СЯСН2), 3.44 (d, J = 7.0 Hz, IH, СЯ(С02Еі)2), 3.76 (s, ЗН, OCH3), 4.21 (q, J = 7.1 Hz, 
4H, 2хОСЯ2СН3), 4.69^.99 (m, 2H, CHOCHN) 
2-[3-(rrans-2-Ethoxycarbonyl-3-hexyl-aziridin-l-yl)-2-oxo-ethyl]-malonic acid 
diethyl ester (6). A stirred, cooled (0 °C) solution of ethyl íranj-3-hexyl-azmdine-2-
carboxylate7 (0.50 g, 2.5 mmol) in THF (40 mL) was treated with a mixture of Et3N (0.38 mL, 2 8 
mmol) and chloroacetyl chlonde (0.22 mL, 2 8 mmol). The mixture was stirred for a further lh at 
40 
O °C, treated with saturated aqueous NH4CI solution (50 mL) and processed in the usual manner to 
give crude aziridineamide (0.69 g, quantitative yield). Ή NMR (CDCI3) δ 0.75-1.00 (m, ЗН, 
СЯзСН2), 1.23-1.78 (m, 13Н, ОСН2СЯ3, СН3(СЯ2)5), 2.72-2.90 (m, IH, CH2CtfN), 3.14 (d, 
J = 2.7 Hz, IH, NCHCO), 4.11 (s, 2H, COCH2Cl), 4.24 (q, J = 7.1 Hz, 2H, ОСЯ2СН3). 
The crude aziridineamide (0.69 g, 2.5 mmol) in THF (5 mL) was added to a 0.5M THF 
solution of sodium diethyl malonate (12.5 mmol) at 0 °C. The mixture was stirred at 0 °C for 0.5h, 
then at room temperature for 5h and then treated with a saturated aqueous NH4CI solution (60 mL). 
Conventional work-up procedure followed by column chromatography (silica, hexane-EtOAc (5:1)) 
gave 6 (0.63 g, 63%) as an oil. 
(6): IR (CCI4) 2940, 1740, 1550, 1260, 1210 cm"1; ІН NMR (CDCI3) δ 0.78-0.98 (m, ЗН, 
С Я 3 ( С Н 2 ) 5 ) , 1.20-1.85 (m, 19Н, С Н 3 ( С Я 2 ) 5 , ЗхОСН 2 СЯ 3 ), 2.73-3.04 (m, 4Н, 
СНСНСО,СОСН 2), 3.90 (t, J = 7.2 Hz, IH, СЯ(С0 2 Еі) 2 ) , 4.22 (q, J = 7.0 Hz, 6H, 
ЭхОСЯ2СН3). 
2-[2-(rrans-2-Ethoxycarbonyl-3-methyl-aziridine-l-sulfonyI)-ethyl]-malonic acid 
diethyl ester (7). To a stirred solution of ethyl 3-iraní-methyl-aziridine-2-carboxylate 9 (0.39 g, 
3.0 mmol) in THF (30 mL) cooled in an ice-bath were added Et3N (0.46 mL, 3.3 mmol) and 2-
chloro-1-ethanesulfonyl chloride (0.35 mL, 3.3 mmol). The reaction mixture was stirred for 2h at 
0 °С, then treated with saturated aqueous NH4CI solution (50 mL). The mixture was extracted with 
EtOAc (3x 40 mL), and the combined organic extracts washed with a saturated aqueous NaHC03 
solution (100 mL) and brine, dried (MgS04), filtered, and concentrated in vacuo. The resulting 
crude sulfonamide was dissolved in dry THF (6 mL), cooled to 0 °C and treated with a 0.25M 
THF solution of sodium diethyl malonate (3.0 mmol). The reaction mixture was then stirred 
overnight at room temperature, treated with saturated aqueous NH4CI solution (50 mL) and 
processed in the usual manner. Purification by column chromatography (silica, hexane-EtOAc 
(3:1)) gave 7 (0.22 g, 19% overall yield) as an oil. lH NMR (CDCI3) δ 1.28+1.31 (2t, J = 7.1 
Hz, 9H, ЗхОСН2СЯ3), 1.67 (d, J = 5.8 Hz, 3H, CH3), 2.22-2.58 (m, 2H, S02CH2Ctf2), 3.02-
3.40 (m, 4H, S02CH2, CHCHCO), 3.63 (t, J = 7.2 Hz, IH, СЯ(С02Еі)2), 4.2344.25 (2q, J = 
7.1 Hz, 6H, ЗхОСЯ2СНз). 
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Chapter 4 
Synthesis of Functionalized Cyclopropanes by MIRC Reactions 
of Aziridinyl-methylenemalonates 
4.1 Introduction 
In Chapter 2 the intramolecular ring opening of aziridinecarboxamides was achieved by a 
nucleophilic center at the γ-atom. The required nucleophilic site was generated by removal of a 
suitable acidic proton. To further explore intramolecular ring-opening reactions of functionalized 
aziridines, the inducing nucleophilic site was positioned at the ß-atom. In principle, the nucleophile 
can be obtained by a deprotonation process. However, an alternative methods was chosen, which 
was inspired by the work of Kasatkin et al. 1 These authors reported recently the synthesis of 
cyclopropane dicarboxylates using Michael-reaction Initiated Ring Closure (MIRC) reactions 2 · 3 of 
diethyl (2,3-epoxybutylidene)malonate (Scheme 1). 
Schemel 
С Н з \ Л ï°2Et RM 
V ^ C C ^ E t cul 
СНэ, О C02Et 
»ом 
Й ÖEt 
н з с
" - / % 
"" г 
о 
'C02Et 
R= Alkyl, Ph; M= Li, MgX 38 - 85% 
This result suggests that application of the MIRC reaction in an analogous manner to activated 
aziridines could be of interest and could illustrate the potential of aziridinyl-methylenemalonates for 
the synthesis of functionalized cyclopropanes.4 It should be noted however that aziridinyl-
methylenemalonates can react with a nucleophile by two distinctly different pathways, as is shown in 
Scheme 2. The desired pathway a involves conjugate addition of the nucleophile followed by 
opening of the aziridine ring. The alternative pathway è is a direct nucleophilic opening of the three-
membered ring. In the proposed scheme 2, the choice of the ^-activating group may be of great 
importance for the success of the reaction. It is relevant to mention that reactions of ß-aziridinyl-α,β-
enoates with organo-copper reagents have been investigated whereby predominantly anti -SN2' 
products are produced.5 In the system which is proposed for the present investigations, such an 
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SN2' reaction seems highly improbable because of the highly activated methylenemalonates and is 
therefore not further taken into account.2b 
Scheme 2* 
a 
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f Ν ^ Ο Ο 2 Ε Γ Ι 
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Nucleophilic attack at the C-2 azirídine carbon is omitted in this scheme. 
4.2 Results and Discussion 
Preparation of diethyl aziridinyl-methylenemalonate derivatives. 
The required aziridines 3 were prepared as shown in Scheme 3. For this study racemic 
aziridines6 were used because the prime interest is the diastereoselectivity during the Michael 
additions. Direct reduction of l-tosyl-3-hexyl-aziridine-2-carboxylic acid ethyl ester la to the 
aldehyde 2a 7 followed by condensation with diethyl malonate afforded diethyl aziridinyl-
methylenemalonate 3a.8 l-Mesyl-3-hexyl-aziridine derivative 3b, l-tosyl-3-methyl-aziridine3c, 1-
(2-mesitylsulfonyl)-3-methyl-aziridine 3d and l-(2-mesitylsulfonyl)-3-hexyl-aziridine 3e were 
prepared similarly. In the condensation using ТіСЦ-ругіаіпе, chlorinated side-products were 
observed as a result of azirídine ring-opening reactions. The degree of chlorination differed among 
substrates 3, and depended on the 2-substituents and sulfonyl groups (from 0% for 3e to 41% for 
3a). 
Scheme 3 
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1c; R = Ts, R'= Me 2c (41%) 
1 d; R = -S02-2,4,6-(CH3)3C6H2, R' = Me 2d (91 %) 
1e; R = -S02-2,4,6-(CH3)3C6H2, R'= Hex 2e (59%) 
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It was felt that organocuprate reagents should be suitable for selective MIRC reactions 
because of their high conjugate addition potential^. When higher order organocuprates were used 
(Table 1), dimethyl cyanocuprate gave cyclopropane 5a (entry 1), but, the dibutyl derivative gave a 
very poor result (entry 2). Boron trifluoride etherate has been reported as an effective co-additive for 
organocuprates,10 and Bu2Cu(CN)LÍ2-BF3 did indeed accelerate the conjugate addition (entry 3). As 
an alternative butyl-donor, BuCu(CN)MgBrBF3-OEt2 was used and it showed high reactivity and 
isomeric selectivity (entry 4). The cyclopropane derivative 5b was obtained uncontaminated with the 
SN2 reaction products 6b. It is of interest that when tetrahydrofuran was used as solvent, only the 
conjugate addition product 4b was obtained containing only traces of cyclization product 5b (entry 
5). 
It was found necessary to carry out the reaction at higher temperatures in order to improve the 
chemical yield. Requirement of excess of reagents (3 equiv; entries 1-5) does not permit higher 
reaction temperatures since organocuprate reagents are known to open the aziridine ring at a 
temperature higher than -20 "С. 1 1 A stoichiometric amount of Grignard reagents was added to the 
CuCN catalyzed reaction (entry 6). This resulted in an excellent yield with very high degree of 
stereoselectivity (85:15). Although the vinyl group was also introduced, a considerable amount of 
uncyclized product 4c was observed even after a prolonged reaction time (4h) at room temperature 
(entry 7). Whilst the stereoselectivity of 5c was surprisingly high (90:10) for this small nucleophile, 
the diastereomer ratio of 4c could not be determined (it was likely to be low considering the low 
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diastereoselectivity observed during the methyl introduction in entry 1). It was assumed that a high 
stereoselectivity for the introduction of an unsaturated function might be achieved with a more 
sterically hindered group. For this purpose, alkenylcoppermagnesium dibromide 12 was prepared in 
situ and submitted to the MIRC reaction (entry 8). Although the chemical yield was not excellent, a 
high stereoselectivity was observed (90:10). 
Lipshutz et al. reported the direct formation of trialkyltin cuprates from tin hydrides.13 The 
alkylstannyl function is of value because of its potential for lithium-transmetalation with stereo-
retention.14 Tributyltin cuprate transferred the tributyltin group in moderate yield (entry 9) with a 
disappointingly low stereoselectivity (75:25). 
Sodium thiophenoxide, another nucleophilic reagent, gave conjugate addition product 4f only 
(entry 10), and K-selectride transferred hydride to ultimately give cyclopropane derivative 5g in 
good yield (entry 11).15 
Table 1. Reactions of aziridinylmalonate 3a with various nucleophilic reagents 
Entry Reaction Conditions R Product (yield in %) 
4 5 
1 Me2Cu(CN)LÌ2, Et20, -30 °C, 3h 
2 Bu2Cu(CN)Li2, Et20, -30 °C, 3h 
3 Bu2Cu(CN)U2 BF3, Et;>0 ,-ЗО °C ,3h 
4 BuCu(CN)MgBrBF3, E t A -30 °C, 3h 
5 BuCu(CN)MgBrBF3, THF, -30 °C, 3h 
6 BuMgBr, 10 mol% CuCN, Et20, 
-7B 0 C-rt, 2h 
7 (Vinyl)MgBr, 10 mol% CuCN, Et20, 
-78 °C - rt, 4h 
8 Bu2C=CH-CuMgBr2SMe2, 
EfeO, -30 - 0 °C, 4h 
9 (BU3Sn)BuCu(CN)Li2, ЕуЭ, -30 °C, 3h 
10 PhSNa, THF,-SO °C, 3h 
11 K-Selectride, THF, 0 °C, 1 h 
a 1:1 Mixture of cisArans diastereomers. "Total yield of the mixture is shown. 5b:6b 
= 45:55. Cis/trans ratio of 5b, ca. 65:35. cThe minor diastereomer could not be 
detected by 1 H NMR spectroscopy. йCisArans ratio 85:15. eCisArans ratio not 
determined. 'CisArans ratio 90:10. 9CisArans ratio 75:25. 
Reactions of 1-mesyl-aziridine derivative 3b. The reactions of the aziridine derivative 
3b, which carries the methylsulfonyl (mesyl) group as the aziridine-activating group were examined 
briefly (Table 2). 
Me 
Bu 
Bu 
Bu 
Bu 
Bu 
4a (0) 
4b (24) 
4b (54) 
4b (29) 
4b (65) 
4b (0) 
5a (59)a 
5b (trace) 
5b/6b (27)" 
5b (53)c 
5b (trace) 
5b (91 ) d 
Vinyl 4c(31)e5c (44)' 
BU2C=CH- 4d (0) 5d (51)* 
Bu3Sn 4e(16) 5e(30)H 
PhS 4f (64) 5f (0) 
H 4g (0) 5g (79) 
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Table 2. Reactions of aziridinyl-methylene malonate 3b with various nucleophilic reagents 
Entry Reaction Conditions8 R Product (yield in %) 
7 8 
1 Me2Cu(CN)Lfe, EtjO Me 7a (42) 8a/9a(38)b 
2 Bu2Cu(CN)Li2, Et20 Bu 7b (40) Bb (16)c 
3 Bu2Cu(CN)Li2BF^, Et20 Bu 7b (23) 8b (23)° 
4 BuzCu(CN)Li2, THF Bu 7b (43) № (trace) 
a
 -30 °C, 3h. ь R = H in 9a, CisArans ratio of 8a ca. 55:45. Total yield of the mixture is 
shown. 6a/9a = 83:17. cThe minor diastereomer was not detected by 1H NMR spectroscopy. 
The uncyclized compounds 4b, 4c, 4f, 7a and 7b were then treated with a catalytic amount 
of NaOEt in EtOH at room temperature (Scheme 5). The reactions of 4b, 7a and 7b proceeded in 
excellent yields affording diastereomerically pure products. Surprisingly, the yield of the 
vinylcyclopropane 5c was relatively low. The cyclopropane 5c isolated was dominantly rich of a 
single isomer, which was recomfirmed by 1 3 C NMR.spectroscopy.This isomer showed a significant 
N.O.E. between H-2 and H-3, establishing the 2,3-cis -configuration. Two explanations may be 
given for the relatively low yield of 5c in very high cis/trans ratio (90:10). The first explanation is 
that there is probably a reactivity difference between two diastereomers, cis -5c and trans -5c. The 
frani-vinylcyclopropane might have either decomposed or reacted further to produce unidentified 
materials and resulted in the high diastereopurity, although no evidence could be obtained. Because 
of the decomposion of a considerable amount of tranj-vinylcyclopropane, the yield of the 
vinylcyclopropane 5c was moderate. But it is quite strange to accept this explanation because the 
ratio of cis/trans was constantly 90:10 in the repeated experiments. The second explanation is that the 
conjugate addition of the vinyl group occurred with a high diastereoselectivity. The cyclization 
reactions of 4b, 7a and 7b gave exclusively single isomers. These results indicate that 4b, 7a and 
7b are highly rich of one type of diastereomers. The high diastereoselectivity during the Michael 
addition of the vinyl group seems a little questionable when it is taken into consideration that the 
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methyl group was introduced with no stereoselectivity (50:50) and the butyl group in the ratio of 
85:15. And the moderate yield of the cyclopropane 5c does not exclude the possibility of the 
formation and the following decomposition of the rrawi-vinylcyclopropane. 
Surprisingly, compound 4f derived from 3a and sodium thiophenoxide did not give any 
cyclization when treated with NaOEt in EtOH. 
Scheme 5 
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 u . 
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41 ; EWG = Ts, R = SPh no cyclopropane 
7a; EWG = Ms, R = Me 8a (quantitative)8 
7b; EWG = Ms, R = Bu 8b (quantitative)3 
8
 The minor frans diastereomer was not detected 
by 1H NMR spectroscopy. bCis/trans ratio 90:10. 
Reactions of aziridine derivatives 3c, 3d and 3e. In order to investigate further the 
steric influence of substituents on the reaction of the aziridine rings, reactions of 3a, 3c, 3d and 3e 
with Grignard reagents in the presence of 10 mol% CuCN were examined (Table 3). When 3-
methyl-1-tosyl-aziridine derivative 3c was treated with BuMgBr/CuCN, the cyclopropane derivative 
10 was obtained in 51% yield with a stereoselectivity of 85:15. Under the reaction conditions, the 
aziridine ring-opened compound 11 was also obtained (21% yield).18 
When the l-(mesitylsulfonyl)-3-methyl-aziridine derivative 3d was subjected to the MIRC 
reaction with the MeMgl/CuCN reagent, a Me group was transferred to give product 12 in 46% 
yield; the diastereomer ratio was 40:60 (entry 3). This stereoselectivity is not substantially different 
from that observed for 3a (entry 1). The steric effect of the mesitylsulfonyl group may be reduced by 
sulfonamide inversion (vide infra). BuMgBr/CuCN similarly gave the desired cyclopropane 13 in 
48% yield with high diastereoselectivity (diastereomeric ratio 91:9). In these reactions, no aziridine 
ring-opened compounds, such as 11, were detected.18 The modest yields obtained from 3c and 3d 
are possibly due to decomposition of the aziridines since they were consumed totally during the 
course of the reactions. 
3-Hexyl-l-(mesitylsulfonyl)-aziridine 3e, which bears large substituents on both the aziridine 
nitrogen and the aziridine C-3 atom, produced a cyclopropane derivative with high stereoselectivity. 
It is especially noteworthy that the methyl substituted cyclopropane derivative 14 was obtained with 
an exceptionally high diastereoselectivity (79:21) considering a methyl transfer had occurred. The 
diastereoselectivity for the introduction of a butyl group (entry 6) was the same as that found for 
compound 13. 
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Stereochemistry. The Ή NMR spectra of the diastereomerically pure cyclopropanes derivatives 
5b, 7a, 7b and 15 unfortunately exhibited a complicate coupling pattern and it has not been possible 
so far to assign the configurations at the cyclopropane C-3 atom. The coupling constants (J н-2, н-з) 
of single-diastereomer-rich (90:10) cyclopropanes 5c and 5d was 9.7 Hz. Braun 1 9 observed 
coupling constants of 7.5 Hz for franj-vinylcyclopropane and 9.0 Hz for the corresponding cis 
isomer. Kasatkin et al. ' observed a S Hz coupling for the trans isomers and 8 Hz for the cis 
.isomers. The vinylcyclopropane 5c was convincingly shown to have a 2,3-cis -configuration by 
NOE measurement, and the cyclopropane 5d was therefore assigned to have the 2,3-cis 
-configuration also. 
Table 3. Reactions of 3c - 3 · with Grignard reagents catalyzed by CuCN 
R1 
2 ι 
R
 У Д c02Et 1.2eq.R
3MgX/10mol%CuCN(XsBr,l) 
3 NH-R1 , 
NH-R1 
υ* Υ C02Et Τ Τ Ъо2ЕІ 
η
 ^ R 3 Bu Bu 
5a, 10,12-15 11; R1 = Ts (21% for 3c only) 
Entry 
1 
2 
3 
4 
5 
6 
7 
AzJrídine 
За 
За 
Зс 
3d 
3d 
Эе 
Зе 
SO¡>-
R1 
Ts 
Ts 
Ts 
•гАб-ісНзЬСбН., 
802-2.4,6-(СНз)зСбН2 
SO;,- 2,4
р
6-(СНз)зСбН2 
S02-2,4,6-(C^bC6H2 
R2 R3 ι 
Hex Me 
Hex Bu 
Me Bu 
Me Me 
Me Bu 
Hex Me 
Hex Bu 
Cyclopropane Yield (%) 
5a 
5b 
10 
12 
13 
14 
15 
97 
91 
51 
46 
48 
60 
69 
CisArans ratio 
60:40 
85:15a 
85:15 
40:60 
91:9 
79:21 
90:10 
* This is the same experiment as shown in Table 1, entry 6. 
The chemical shift pattern of all major diastereomers of 5b-e, 8a, 8b, 10,13,14, and 15 
are very similar, which suggests that they all have the same configuration about the C-3 atom. 
Assuming this is valid, we tentatively assigned the configuration at the C-3 atom of the major 
cyclopropane diastereomers as cis, because the C-3 configuration of the vinylcyclopropane 5c was 
determined to be cis (vide supra). It was anticipated that the consideration of the transition state of the 
conjugate addition reaction might provide a support for the assignment. 
When the N-substituent of the aziridine ring was altered from tosyl to the mesitylsulfonyl 
group, there was an increase of the degree of the cis/trans ratio (Table 3, entries 2, 5 and 7, and 
entries 1 and 6). This effect was not observed when the tosyl group was changed for the mesyl 
group (Table 2); the degrees of the cis/trans ratio's during the reactions of the two types of N-
substituents were observed to be essentially identical. It is very noteworthy that the mesitylsulfonyl 
group provided the 79:21 cis/trans ratio during the reaction of the aziridine 3e and methylmagnesium 
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iodide (Table 3, entry 6) but the mesyl group produced a 1:1 mixture of the methylcyclopropane 
derivatives (Table 2, entry 1). 
Yamamoto et al. studied the diastereoselectivity of the conjugate addition of organocuprate 
reagents to γ-alkoxy α,β-unsaturated diester derivatives.9 They discussed whether a powerful 
Michael acceptor having a high electron-accepting ability or a reactive copper reagent having a high 
electron-donating ability is prone to produce a π-complex (Figure 1). When the γ-t-
butyldimethylsilyloxy (TBDMS) containing Michael acceptors (R'=TBDMS; the TBDMS is a "non-
chelating" group), reacted with organocopper reagents, the steric bulk difference between R and R' 
determined the outcome. The electron-deficient nitrogen atom of the aziridines may be assumed to be 
comparatively non-chelating as is the oxygen atom of the tert-butyldimethylsilyloxy group. If this 
Yamamoto's approach is applied to the aziridinyl-substituted Michael acceptors described here, the 
conjugate reactions could occur through the transition state model shown in Figure 2. In this model, 
the preferred configuration arising from rotation about the single bond between the aziridinyl C-2 
atom and the olefinic carbon is incorporated. The model is presented as a Newman projection viewed 
along this bond. The 1, 3-aIlylic strain theory 2 0 supports this configuration in which the hydrogen 
atom on the aziridine C-2 is positioned inside. Another relevant aspect is the relative position of the 
C-3 substituent and the N-arylsulfonyl group. It is presumed that the steric effect is more influential 
than the bond-orbital effect.21 Molecular models show considerable differences of the steric 
environment around C-3 and sulfonamide group when this group inverts. The preponderant 
conformational isomer of 3 with respect to the sulfonamide group is likely to be the one where the C-
3 alkyl group and the /V-sulfonyl group are positioned on opposite sides of the aziridine ring and the 
sulfonyl group covers the upper side of the methylene double bond. The largest group on the 
aziridine of this isomer is the sulfonamide group, which is assumed to occupy the anti position in the 
model with C-3 on the outside position, as shown in Figure 2. In the alternative minor aziridine 
invertomer, the C-3 alkyl substituent and the N-sulfonyl group are positioned on the same side. 
Thus, the sulfonyl group does not shield the double bond and the aziridine C-3 substituent is now the 
largest group and located in an anti position. Nucleophilic attack at the Michael acceptor can take 
place from both sides of the double bond when there is no shielding effect. Attack from the upper 
side should produce the 2,3-trans -cyclopropane whereas the 2,3-ci'î-cyclopropane should result by 
attack at the alternative lower face. By taking into account that in the preferred conformation (as 
shown in Figure 2) the upper face is shielded by the N-sulfonyl group, the formation of the си 
product is favored. 
enti 
a 
R /=(0θ2Ά = / j K ^CQ2Et 
J C02Et RO^<->S¡T^*C02Et 
R'O NuCuLn 
outside 
inside 
Figure 1. Yamamoto's model 
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Some information about the inversion of the nitrogen atom in these aziridine derivatives was 
obtained from temperature dependent Ή NMR measurements. At a temperature of -63 °C, the H-3 
aziridine ring proton of 3a shows up as two signals in the ratio of 70:30. Although the exact reaction 
temperature at which the conjugate addition occurs is not clear, this NMR analysis is consistent with 
the experimental result. Since 30% of the aziridine 3a seems to posses the conformation with the 
tosyl group on the side opposite to the unsaturated diester moiety, conjugate addition of nucleophiles 
can occur equally well from both sides of the double bond leading therefore to the 50:50 ratio. 
Meanwhile, the other conformer (70%) allows nucleophiles to approach from only one side of the 
double bond. This results in 85:15 cis/trans ratio observed during the reaction with BuMgBr. 
The transition state model shown in Figure 2 indicates that the variation of substituents at the 
aziridine C-3 position (methyl or hexyl) would probably have only a slight effect on the 
diastereoselectivity, because the steric environment around the aziridine C-3 is less crowded than that 
around the nitrogen of the tosylamido group due to the franj-configuration. Nucleophilic approach 
should be prefered from the bottom side leading to 2,3-m-cycIopropane (reactions of 3a - c). The 
size of this C-3 substituent may influence however the ratio of the aziridine invertomers; the smaller 
the substituent the more this ratio shifts to 1:1, and therefore the size of the C-3 substituent will 
indirectly affect the shielding of the upper face of the Michael acceptor. The experiments of the 
substrates 3a and 3c with BuMgBr/CuCN as the reagent showed no significant difference in the 
cis/trans ratio. The reaction of MeMgl/CuCN with 3d showed a lower diastereoselectivity. 
Apparently, the sterically hindered mesitylsulfonyl group does not shield the upper side of the 
unsaturated diester moiety sufficiently to prevent attack by the small nucleophile from the upper face. 
This result supports the supposition that the conformational preference of this substrate is less 
outspoken, presumably because the small C-3 substituent (methyl) has only little effect on the ratio of 
the sulfonamide invertomers (almost 1:1 ratio) and therefore diminishing the shielding over the 
Michael acceptor. In contrast substrate 3e which has a larger hexyl group at C-3 shows a much 
higher diastereoselectivity (Table 3, entry 6) in its reaction with the MeMgl/CuCN reagent. Clearly, 
the preponderant conformational isomer in Figure 2 is now much more predominant due to the steric 
repulsion between the large mesitylsulfonyl group and the C-3 (hexyl) group when compared with 
3c, implying that in 3e the mesitylsulfonyl group exerts an effective shielding effect on the olefinic 
moiety which results in a high diastereoselectivity. When the more bulky reagent BuMgBr/CuCN is 
used in these MIRC reactions, invariably excellent diastereoselectivity was achieved (Table 3, entries 
2, 3, 5 and 7). This result is readily explained as the sterically demanding reagent will be more 
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sensitive to steric constraint in the substrate, meaning that the least hindered pathway will be 
followed in the course of the approach of nucleophiles. 
In order to gain further support for the proposed transition state model, cis aziridine derivative 
16 was subjected to the MIRC reaction (Scheme 6). 
Scheme 6 
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This substrate molecule was conveniently prepared from threonine (see the Experimental Section). 
Aziridine 16 reacted with BuMgBr/CuCN to yield the cyclopropanedicarboxylate 18 in 24% yield. 
The Ή NMR chemical shift pattern suggested that the configuration of 18 was 2,3-trans. The 
uncyclized product 17 was also obtained in a considerable amount (37%). Compound 17 was 
converted to compound 19 on treatment with NaOEt/EtOH overnight at room temperature. 
Cyclization under the last-mentioned conditions was followed by a lactamization reaction which was 
not observed for the /rani-aziridine substrates. 
The formation of the fra/w-cyclopropane product 18 can be explained by adopting the same 
approach as for the fraiw-aziridine 3. The preferred conformation of 16 leading to the transition state 
is strongly governed by the 2,3-cis configuration of the C-3 methyl group and the olefinic moiety. 
This cis relationship locates the N-tosyl group on the side opposite to both the C-3 methyl group and 
the olefinic moiety. The shielding effect on the Michael acceptor, therefore, will not be as effective as 
in the substrate 3c. The nucleophilic reagent, BuMgBr/CuCN, is primarily directed toward the upper 
face of the Michael acceptor. Note that the configuration of the cyclopropane C-2 is opposite to that 
of 3c and as a consequence, the preferred conformation must be pictured as shown in Figure 3. 
The amount of uncyclized product 17 formed during the reaction of 16 with the Grignard 
reagent is too large to be ignored. The /rawi-cyclopropane in this case seems to be formed reluctantly. 
The explanation for this reluctance is not yet known. 
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Figure 3. Newman projection of the preferred conformation of aziridlne 16 
Reactions with Hetero-Organocuprate Reagents. During the discussion of the 
results presented in Table 3 (vide supra), it was indicated that more sterically demanding nucleophilic 
reagents increase the diastereoselectivity of the MIRC reaction. Further elaboration of this 
observation leads to the suggestion that better diastereoselectivity may be obtained when copper 
reagents with a large "dummy" volume are employed. Hetero-organocuprates possibly provide such 
a "dummy" volume. The non-transferable group R' in RR'CuM with M being Li or MgBr can be 
residues derived from alcohols, thiols, amines or alkynes. The effect of non-transferable R' group on 
the MIRC reaction was investigated. Grignard reagents were used instead of organo lithium reagents 
as the source of the transferable R group because of easier availability. 
Initially, methyl transfer was implemented with hetero-organocuprates, but attempts based on 
a common procedure using preformed MeCu and R'Li did not give cyclopropanes. It is known that 
the extent of stereoselectivity of organocuprate reagents is influenced by various factors such as the 
structure of the substrate, solvent, concentration of reagents, presence of salts and the reaction 
temperature.22 The sequence of addition was inversed with MeMgBr being added to the preformed 
R'Cu (Table 4). The R'Cu compounds were conveniently prepared by addition of an etherial solution 
Table 4. Reactions of 3a with heteroorganocuprate reagents 
Ts 
Н е
ч А f 0 z E t 2'1θς' 
C02Et 
3a 
Entry R'H 
1 t-BuOH 
2t-BuOH 
3 Cyclohexanol 
4 DL-Menthol 
5 (-)-Terpinen-4-ol 
6Diisopropylamine 
7 Diisopropylamine 
8Dicyclohexylamine 
MeMgBr/1.2eq. R'Cu 
- rt, 3.5h 
Solvent 
EtaO 
EtüO 
EtüO 
EtüO 
EtîO 
MezS 
EtsO 
MezS 
9 Hexamethyldisilazane М гЭ 
-»»-
Yield (%) 
80 
0 a 
95 
69 
78 
64 
95 
64 
45 
NH-Ts 
Η
" · · 1 C02Et 
HexOvX 
H * \ C02Et Me 
5a 
CisArans ratio 
81:19 
-
79:21 
76:24 
87:13 
87:13 
82:18 
84:16 
87:13 
a
 1.1 eq. MeMgBr was used. 64% of За was recovered. 
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of R'Li to an etherial suspension of Cui. The use of two equivalents of MeMgBr is essential for 
achieving the desired conjugate addition. The use of only one equivalent of the Grignard reagent 
resulted in recovery of unchanged 3a (entry 2). 
The results shown in Table 4 indicate that indeed the diastereoselectivity of the MIRC reaction 
improves as the steric bulk of R' increased. The combination of diisopropylamine and diethyl ether 
(entry 7) resulted in a high reaction yield and a high diastereoselectivity, but a lower chemical yield 
with higher diastereoselectivity was observed using dimethyl sulfide as solvent (entry 6). The 
chemical yield and diastereoselectivity was most satisfactory using (-)-terpinen-4-ol (entry 5). 
In the set-up of the experiments collected in Table 3, the mesitylsulfonyl group was selected 
as the second aziridine activating function with the objective to improve the diastereofacial selectivity 
during the conjugate addition. It was therefore surprising that reactions of l-(mesitylsulfonyl)-
aziridine derivative 3e with hetero-organocuprates involving the use of diisopropylamine and 
terpinenol resulted in diastereomer ratio's ranging from 67:33 to 80:20. The diastereoselectivity even 
varied under the same reaction conditions. Although no clear answer is yet available for this 
observation, the following explanation is proposed. 
In the preferred configuration (Figure 2) leading to the transition state where the N-
arylsulfonyl group shields the olefinic moiety, the bulky mesitylsulfonyl group of 3e provokes more 
serious repulsion with the olefinic moiety. The mesitylsulfonyl group, therefore, cannot sustain the 
anti position and rotates slightly outside to ease the repulsion (Figure 4). This rotation at the same 
time means the move of the C-3 hexyl group of the aziridine toward the anti position. But when the 
hexyl group occupies the anti position, there will be much less space for the nucleophilic reagents to 
form a π-complex from the lower face of the olefinic moiety in Figure 4. Because of this rotation, the 
voluminous hetero-organocuprates do not experience an energetic advantage during the attack from 
the lower side of the olefinic moiety. Meanwhile, since one extra equivalent of MeMgBr is present 
(and required), certain amount of uncomplexed Grignard reagent may well exist in equilibrium with 
the organocuprate complex. These free species may be able to approach the upper face and the lower 
face of the Michael acceptor with comparable ease. 
S02-C$H2(CH3)3 
,*C02Et 
H
*»... ÍK->\\ ; ^ ^ C02Et 
Hex / NuCuLn 
Figure 4. A mode! (or aziridine 3e 
In Table 1 (entry 7) the reaction of vinylmagnesium bromide in the presence of CuCN was 
reported. The yield of the desired product was moderate. It was assumed that the conjugate addition 
was not very selective although the cis/trans ratio of the vinylcyclopropane was 90:10 (vide supra). It 
was anticipated, therefore, that the improvement of the diastereoselectivity during the conjugate 
addition by employing hetero-organocuprates might improve also the chemical yield. The results are 
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Table 5. Reactions of 3a with CH^CHMgBr using various conditions 
3a 
CH2=CHMgBr 
i 
[Cu]-complex 
Ts 
I 
Hex*. Λ Ç02B 
^ ¿ - V 1 + 
4C02Et 
UU; 
'"Y^C 
4c CH=CH2 
NHTs 
Hex 
Entry Reaction Conditions a Product (Yield in %) 
4c 5c 
1 1.2 eq. СНг=СНМдВг, 10 mol% CuCN, THF 
2 1.2 eq. CH2=CHMgBr, 10 mol% CuCN, Et20 
3 1.2 eq. СНг=СНМдВг, 10 mol% CuCN, Me¡;S 
4 1.2 eq. CH2=CHCuMgBr2 SMea, 
Et20-Me2S-THF (7.5:1:1 v/v) 
5 2.1 eq. СНг=СНМдВг, 1.2 eq. t-BuOCu, ЕігО 
6 2.1 eq. СНг=СНМдВг, 1.2 eq. t-BuOCu, 
THF-HMPAC(8:1 v/v) 
7 1.2 eq. C H ^ H M g B r , 0.6 eq. t-BuOCu, THF 
β 2.1 eq. СНг=СНМдВг, 
1.2 eq. (-)-Тефіп п-4-ОСи, ЕІгО 
9 2.1 eq. CH^CHMgBr, 1.2 eq. (TMSfeNCu, Et20 
a
- 7 8 ° C - r t for3.5h. bCisArans ratio 90:10. c Hexamethylphosphortriamide. 
d
 Cis/trans ratio not determined. 
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31 
31 
9 
20 
44 
27 
0 
0 
4 4 b 
21 ь 
1 6 b 
0 
0 
1 9 d 
0 
28 
Finally, aziridine 3e (which carries the mesitylsulfonyl group as the activating substituent at 
nitrogen) was subjected to MIRC conditions and was followed by a reaction with NaOEt in ethanol 
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to achieve the desired cyclization without isolation of the products of the first-mentioned reaction. 
This two-step sequence resulted in 2-vinylcyclopropane-l,l-dicarboxylic ester 20 in 35% total yield 
(Scheme 7). The minor diastereomer, presumably the rrani-vinylcyclopropane, was not detected by 
•H NMR measurement of the cyclopropane derivative 20. 
Scheme 7 
S02-C6H2 (СНз)з 1) 1.2 equiv СНг=СНМдВг 
Hex Ν H CO Et 10 mol% CuCN/ ether, -78 °C - rt 
„S \ ^ ^ „ „ _, 2) 0.3 equiv NaOEt/EtOH, rt, overnight 
π С и 2 Et 
Hi., 
Hex 
NH-SOz-CeHziCHab 
i C02Et 
Η / 
Η 
(\¡02Et 1 
3e 20 (35%) 
Conclusions. The occurrence of Michael-reaction Initiated Ring Closure (MIRC) reactions of 
aziridinyl-methylenemalonates 3 and 16 has been established. A variety of substituents could be 
introduced onto the resulting cyclopropane dicarboxylic ester derivatives with a highly 
diastereoselective formation of the cu-isomer (cis.irans ratio's ranged from 50:50 to 91:9). Conjugate 
addition to the methylenemalonate moiety was much more favorable than direct aziridine ring opening 
due to the presence of the activating malonate system. Grignard reactions catalyzed by CuCN 
appeared to be the most promising because clean reactions with a high degree of diastereoselectivity 
were achieved. Even the small methyl group was introduced with a relatively high diastereoselectivity 
(cis:trans ratio of 87:13). 
It is of interest to note that the preference for the formation of the m-cyclopropane derivatives 
is opposite to that observed by Kasatkin 16 during the MIRC reaction of the epoxide analogue. This 
difference can be attributed to the influence of the arylsulfonyl group at the aziridine nitrogen atom on 
the preferred conformation of the substrate 3 in the transition state. In this conformation, one face of 
the Michael acceptor is effectively shielded by the N-arylsulfonyl group implying a selective 
approach of the nucleophilic reagent to the other face of the double bond moiety. For the substrate 16 
which has a ci's-substituted aziridine ring, the formation of frans-cyclopropane derivatives is 
predominant. This stereochemical course could be explained similarly by invoking the preferred 
conformation leading to the transition state. 
Vinylcyclopropanes are of special synthetic interest. Diethyl 2,3-cí'í-vinylcyclopropane 
dicarboxylate could be prepared by the MIRC reaction using vinylmagnesium bromide in the 
presence of CuCN as the reagent. The cis/trans ratio was 90:10 in this case, but the chemical yield 
was moderate (total combined yield 62%). Hetero-organocuprates were also studied in this MIRC 
reaction to improve the diastereoselectivity. However, this goal could not be achieved. 
The results obtained suggest that steric interactions between the nucleophilic reagent and the 
substituents of the three-membered heterocyclic ring are of importance in governing the 
stereochemical outcome. Moreover, the stoichiometry and the sequence of addition of hetero-
organocuprates play a significant role. 
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4.3 Experimental Section 
Proton and ' ?C magnetic resonance spectra were measured on a Bruker AC-100 or a Bruker 
AM-400 spectrometer. Chemical shift values are reported as δ-values relative to tetramethylsilane as 
an internal standard. Mass spectra were obtained with a double focussing VG 7070E spectrometer. 
IR spectra were recorded on a Perkin-Elmer 298 infrared spectrophotometer. Melting points were 
measured with a Reichert Thermopan microscope and are uncorrected. Recrystallizations were 
carried out using hexane-EtOAc unless stated otherwise. GLC was conducted with a Hewlett-
Packard HP 5890 gas Chromatograph, using a capillary column (25m) of HP-1, and nitrogen at 2 
ml/min (0.5 atm) as the carrier gas. Commercial n-BuLi solution in hexane (ca. 1.6 M) was 
purchased from Merck. MeMgBr (3.0 M in Et2Û) was purchased from Aldrich Chemical Co. and 
was diluted with Et2Û to make a 1.0 M solution. (Vinyl)MgBr (1.0 M in tetrahydrofuran) was also 
purchased from Aldrich Chemical Co. tert-Butyl alcohol, hexane and dimethyl sulfide were distilled 
from calcium hydride, and menthol was recrystallized from pet.-ether (60-80), and other alcohols, 
cyclohexanol and terpineol were simply distilled before use. All amines for hetero-organocuprates, 
i.e. diisopropylamine, dicyclohexylamine and hexamethyldisilazane were distilled over calcium 
hydride under Ar prior to use. Diethyl ether was pre-dried over calcium chloride, then distilled from 
calcium hydride and again from sodium hydride. Tetrahydrofuran was freshly distilled from lithium 
aluminumhydride. All other solvents were obtained commercially and used unpurified. Thin-layer 
chromatography (TLC) was performed on silica gel F-254 plates (thickness 0.25 mm). Spots were 
visualized with a UV hand lamp, К2СГ2О7 solution in dil.H2S04 or CI2-TDM.24 Column 
chromatography was performed using silica 60H (for flash chromatography, Merck, art. nr. 7736) 
or silica 60 (Merck, art. nr. 7734). 
freni-2-FormyI-3-hexyl-aziridine derivatives: The synthesis of fra«i-2-formyl-3-hexyl-l-
(toluene-4-sulfonyl)-aziridine 2a is representative. A hexane solution of diisobutylaluminumhydride 
(1.0 M, 2.7 mL, 2.7 mmol) was added to a cooled (-78 °C) solution of ethyl íra«í-3-hexyl-l-
(toluene-4-sulfonyl)-aziridine-2-carboxylate la (0.80 g, 2.3 mmol) in dichloromethane (11 mL) 
under Ar. On completion of the addition, the mixture was stirred for a further one hour when a 
solution of sodium fluoride (0.94 g) in water (0.72 mL) was added. The reaction mixture was 
allowed to warm slowly to room temperature and the white solid thus obtained was collected. The 
filtrate was concentrated in vacuo and column chromatography (hexane-EtOAc (4:1)) of the residual 
oil afforded frani-2-formyl-3-hexyI-l-(toluene-4-sulfonyl)-aziridine 2a (0.60 g, 1.9 mmol) in 84% 
yield. 
frans-2-Formyl-3-hexyl-l-(to)uene-4-sulfonyI)-aziridine (2a). Oil; IR (CCI4) 2920, 
1718, 1450, 1340 cm'1; Ή NMR (CDCI3) δ 0.78-0.98 (m, 3H, CW3CH2), 1.08-1.85 (m, ЮН, 
CH3(C//2)5), 2.46 (s, ЗН, С6Н4СЯз), 3.08 (dd, J = 3.3, 6.7 Hz, IH, ІМСЯСНО), 3.25-3.45 (m, 
IH, HexC//N), 7.38 (d, J = 9.4 Hz, 2H, 3, 5-СбЯ4), 7.86 (d, J = 9.4 Hz, 2H, 2, б-СбЯд), 9.44 
(d, J = 6.6 Hz, IH, CHO); HRMS (M+l)+; Caled for C16H24NO3S: 310.14769; Found: 310.14759 
amu. 
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<rflns-2-Formyl-3-hexyI-l-methylsulfonyI-aziridine (2b). 86% yield; 2b was obtained as 
an oil in a similar manner; ·Η NMR (CDCI3) δ 0.78-1.01 (m, ЗН, СЯ3СН2), 1.01-1.92 (m, ЮН, 
СН3(СЯ2)5), 3.03-3.20 (m+s, 4H, S0 2CH 3, CH2CtfN), 3.22-3.44 (m, IH, NŒ/CHO), 9.33 (d, 
J = 6.7 Hz, IH, CHO); HRMS (M+l)+; Caled for Ci0H20NO3S: 234.11639; Found: 234.11641 
amu. 
Ethyl 3-methyl-l-(2,4,6-trimethylbenzenesulfonyI)-aziridin-2-carboxylate. A stirred 
cooled (0 °C) solution of ethyl 3-methyl-aziridin-2-carboxylate (0.70 g, 5.4 mmol), Et3N (1.5 mL, 
11 mmol) and a small catalytic amount of DMAP in CH2C12 (50 mL) maintained under Ar was 
treated with mesitylenesulfonyl chloride (1.5 g, 6.5 mmol). The mixture was stirred at 0 °C for 30 
min and then at room temperature for 2 days, whereon it was treated with saturated aqueous NH4CI 
(50 mL) and extracted with CH2C12 (3x30 mL). The combined organic extracts were washed with 
brine, dried (MgSC>4) and concentrated in vacuo. Column chromatography (hexane-EtOAc (7:1)) of 
the residue gave the JV-(2,4,6-trimethylbenzenesulfonyl)-aziridine derivative as an oil (0.89 g, 53% 
yield). IR (CCI4) 2980, 1750, 1600, 1510, 1330, 1240 cm"1; Ή NMR (CDCI3) δ 1.21 (t, J = 7.2 
Hz, ЗН, ОСН2СЯ3), 1.71 (d, J = 5.9 Hz, 3H, Ctf3CHN), 2.30 (s, 3H, 4-СЯ3-С6Н2), 2.70 (s, 
6H, 2, 6-(СЯ3)2С6Н2), 3.02-3.23 (m, IH, СН 3СЯЩ 3.32 (d, J = 3.9 Hz, IH, NCtfC02Et), 
4.13 (q, J = 7.1 Hz, 2H, ОСЯ2СН3), 6.94 (s, 2H, 3, 5-СбЯ2); MS (EI): m/e (relative intensity 
(%)) 311 (M, 32), 266 (3.0), 238 (7.5), 174 (31), 128 (54), 119 (100), 100 (100). 
írans-2-Formyl-3-methyI-l-(2,4,6-trimethylbenzenesulfonyl)-aziridine (2d). 91 % 
yield; 2d was obtained as an oil in a similar manner starting from ethyl 3-methyl-l-(2,4,6-
trimethylbenzenesulfonyl)-aziridin-2-carboxylate; IR (ССЦ) 2940, 1720, 1600, 1450, 1400, 1330, 
1165 cm"1; »H NMR (CDC13) δ 1.51 (d, J = 5.7 Hz, 3H, Ctf3CHN), 2.32 (s, ЗН, 4-СЯ3С6Н2), 
2.68 (s, 6H, 2, 6-(СЯ3)2С6Н2), 3.12 (dd, J = 3.8, 6.7 Hz, IH, NOTCHO), 3.32-3.54 (m, IH, 
CH3CffN), 6.98 (s, 2H, 3, 5-С6Я2), 9.31 (d, J = 6.7 Hz, IH, CHO); MS (EI): m/e (relative 
intensity (%)) 267 (M, 15), 174 (9.7), 119 (100), 84 (45). 
Aziridinyl-methylenemalonate derivatives: The following synthesis of diethyl [3-hexyl-l-
(toluene-4-sulfonyl)-aziridin-2-ylmethylene]-malonate 3a is representative. Dry THF (15 mL) was 
placed in a 50-mL flask and kept under Ar at 0 °C; ТІСІ4 (0.33 mL, 3.0 mmol) was added with a 
syringe to give a yellow suspension. Diethyl malonate (0.22 mL, 1.5 mmol) and then 2-formyl-3-
hexyl-l-(toluene-4-sulfonyl)-aziridine (0.45 g, 1.5 mmol) each dissolved in dry THF (5 mL) were 
added and successively, followed by pyridine (0.48 mL, 6.0 mmol) to give a deep red-brown 
solution. The mixture was stirred at room temperature for 3 days, treated with saturated NH4CI 
aqueous solution (25 mL) and extracted with ether (3x 25 mL). The combined organic layers were 
washed with brine, dried (MgSC<4) and concentrated in vacuo. Column chromatography (hexane-
EtOAc (7:1)) of the residue gave 3a (0.35 g, 7.8 mmol) as an oil (52%). 
2-[3-Hexyl-l-(toluene-4-sulfonyl)-aziridin-2-ylmethyIene]-malonic acid diethyl 
ester (3a). IR (ССЦ) 2920, 1720, 1330, 1250, 1160 cm"1; ! H NMR (CDC13) δ 0.72-1.0 (m, ЗН, 
СЯ 3СН 2СН 2), 1.0-1.54 (m, 14Н, СН 3(СЯ 2) 4, 2хОСН2СЯ3), 1.54-1.88 (m, 2Н, Ctf2CHN), 
2.44 (s, ЗН, С 6 Н 4 С Я 3 ) , 2.90-3.12 (m, IH, CH2CtfN), 3.54 (dd, J = 4.0, 10 Hz, IH, 
NC#CH=C), 4.25+4.31 (2xq, J = 7.1 Hz, 4H, 2хОСЯ2СН3), 6.98 (d, J = 10 Hz, IH, CH=C), 
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7.30 (d, J = 9.4 Hz, 2H, 3, 5-СбЯ4), 7.82 (d, J = 9.4 Hz, 2H, 2, 6-СбЯ4); HRMS (M+l)+; Caled 
for C23H34NO6S:452.21069; Found: 452.21060 amu. 
2-(3-Hexyl-l-methylsuIfonyl-aziridin-2-ylmethylene)-malonic acid diethyl ester 
(3b). 3b was obtained similarly in 62% yield as an oil; IR (CCI4) 2920, 1730, 1465, 1330, 1150 
cm"
1; !H NMR (CDCI3) δ 0.80-1.05 (m, 3H,Œ3CH2CH2). 1.15-1.95 (m, 16Н, СН 3(СЯ 2) 5, 
2хОСН2СЯ3), 2.88-3.1 (m, IH, HexCWN), 3.09 (s, 3H, SO2CH3), 3.49 (dd, J = 4.5, 10 Hz, 
IH, NCtfCH=C), 4.26 (q, J = 7.1 Hz, 2H, ОСЯ2СН3), 4.34 (q, J = 7.3 Hz, 2H, ОСЯ2СН3), 
6.77 (d, J = 10 Hz, Ш, CH=C); HRMS (M+l)+; Caled for C17H30NO6S: 376.17938; Found: 
376.17939 amu. 
2-[3-Methyl-l-(toluene-4-sulfonyl)-aziridin-2-ylmethylene]-malonic acid diethyl 
ester (3c). Methyl analogue 3c was prepared as above (cf. За) from ethyl 3-methyl-aziridin-2-
carboxylate via the N-tosyl-aziridine (92% yield), reduction (41% yield) and condensation with 
diethyl malonate (65% yield). The product was an oil; ·Η NMR (CDCI3) δ 1.20-1.50 (m, 6H, 
2хОСН2СЯ3), 1.58 (d, J = 6.0 Hz, 3H, Ctf3CHN), 2.44 (s, 3H, С 6Н 4СЯ 3), 2.90-3.14 (m, IH, 
CH 3CtfN), 3.58 (dd, J = 4.5, 10 Hz, IH, CHCtfN), 4.23+4.33 (2xq, J = 7.1 Hz, 4H, 
2хОСЯ2СН3), 6.78 (d. J = 9.6 Hz, IH, CH=C), 7.31 (d, J = 8.2 Hz, 2H, 3, 5-СбЯ4), 7.81 (d, J 
= 8.2 Hz, 2H, 2, 6-С6Я4). 
2-[3-Methyl-l-(2,4,6-trimethylbenzenesulfonyI)-aziridin-2-ylmethylene]-malonic 
acid diethyl ester (3d). 3-Methyl-l-(mesitylsulfonyI)-aziridine 3d was prepared in the same 
manner as 3a from 2d by condensation with diethyl malonate (95% yield), oil; IR (CCI4) 2990, 
1720, 1600, 1440, 1370, 1330, 1160 cm"1; ·Η NMR δ 1.28+1.33 (2xt, J = 7.1 Hz, 6H, 2x 
ОСН2СЯ3), 1.57 (d, J = 5.8 Hz, 3H, Ctf3CHN), 2.30 (s, 3H, 4-СЯ3РЬ), 2.67 (s, 6H, 2,6-
(СЯ3)2РЬ), 2.95-3.16 (m, IH, С Н 3 С Я ^ , 3.58 (dd, J = 3.9, 9.7 Hz, IH, NŒCH=C), 4.22-
4.31 (2q, J = 7.1 Hz, 4H, 2x ОСЯ2СН3), 6.78 (d, J = 9.7 Hz, IH, CH=C), 6.95 (s, 2H, 3,5-Ph); 
HRMS (M)+; Caled for C2oH27N06S: 409.1559; Found: 409.1558. 
2-[3-Hexyl-l-(2,4,6-trimethylbenzenesulfonyl)-aziridin-2-ylmethylene]-malonic 
acid diethyl ester (3e). 3-Hexyl-l-(mesitylenesulfonyI)-aziridine 3e was prepared in the manner 
of 3d from ethyl 3-hexyl-aziridin-2-carboxyIate via the N-mesityl-aziridine (83% yield), reduction 
(59% yield) and condensation with diethyl malonate (97% yield) as an oil; IR (CCI4) 2930, 1730, 
1600, 1465, 1380, 1330, 1245, 1160 cm 1 ; Ή NMR (CDCI3) δ 0.85-0.97 (m, ЗН, СЯ3СН2СН2), 
1.15-1.50 (m, 14Н, 2х ОСН2СЯ3, СН3(СЯ2)4СН2), 1.60-1.85 (m, 2Н, Œ2CHN), 2.30 (s, ЗН, 
4-СЯ3С6Н2), 2.68 (s, 6Н, 2, 6-(СЯ3)2СбН2), 2.95-3.12 (m, IH, НехСЯ^, 3.54 (dd, J = 3.8, 
10 Hz, IH, NCtfCH=C), 4.28 (dq, J = 6.4, 7.1 Hz, 4H, 2x ОСЯ2СН3), 6.95 (s, 2H, 3, 5-С6Я2), 
7.01 (d, J = 10 Hz, IH, CH=C), ; HRMS (M)+; Caled for C25H37NO6S: 479.2342; Found: 
479.2337 amu. 
Reaction with Higher-Order Alkylcopper Reagents. A stirred, cooled (-78 °C) solution of 
3 equiv of the copper reagents in ether or THF (10 mL), was treated with a solution of 3a or 3b 
(0.80 mmol) in ether (or THF; 5 mL). The mixture was allowed to warm to -30 °C, and stirring was 
continued at this temperature for 3h, when it was poured into a 3:1 mixture of saturated NH4CI 
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aqueous solution and 25% ammonia solution (100 mL). The usual workup procedure followed by 
column chromatography (hexane-EtOAc), afforded the products. 
The alkylcopper reagents were prepared as follows. Me2Cu(CN)LÌ2: An ether solution of 
MeLi (1.6M, 3.0 mL, 4.8 mmol) was added slowly to a precooled (-78 °C) suspension of CuCN 
(0.22 g, 2.4 mmol) in ether (or THF; 10 mL). The mixture was allowed to warm to 0 °C, and then 
after 10 min, was cooled to -78 °C. Bu2Cu(CN)LÌ2: A procedure similar to that above, except for 
the use of BuLi (a 1.6M hexane solution) instead of MeLi. The preparation was carried out at -50 °C 
instead of 0 °C. Bu2Cu(CN)Li2-BF3: BF3 Et20 (0.65 mL, 2.4 mmol) was added to 
Bu2Cu(CN)L¡2 (prepared as described above) at -78 °C, and the mixture was stirred for 5 min. 
Reaction with Butylmagnesiocuprate-BFa Reagents. BuMgBr (1.6M, 1.3 mL, 2.0 mmol) 
in ether (or THF) was added by syringe to a stirred, cooled (-78 °C) slurry of CuCN (0.18 g, 2.0 
mmol) in dry ether (or THF; 10 mL), and the mixture was allowed to warm to 0 °C. BF3 Et20 (0.54 
mL, 2.0 mmol) was added to the above mixture at -78 °C, which was then stirred for 5 min. A 
solution of diethyl aziridinyl-methylenemalonate 3a (0.30 g, 0.67 mmol) in dry ether (or THF; 5 
mL) was then added dropwise to the above reagent and the reaction mixture was then allowed to -10 
°C (or -30 °C in the case of THF solution). Stirring was continued for 2h (or 3h in the case of THF 
solution) at the respective temperatures. The reaction mixture was poured into a 3:1 mixture of 
saturated NH4CI aqueous solution and 25% ammonia solution (100 mL), processed as usual and 
subjected to column chromatography (hexane-EtOAc (7:1)) to give the products. 
Reaction with Grignard Reagents Catalyzed by CuCN. A stirred, cooled (-78 °C) mixture 
of diethyl aziridinyl-methylenemalonate 3 (0.67 mmol) and CuCN (0.006 g, 0.067 mmol) in the 
required solvents (15 mL) was treated with a Grignard reagent (0.73 mmol), and after 15 min, the 
mixture was allowed to warm to room temperature over 3h. Saturated aqueous NH4CI solution (50 
mL) was added, and the usual workup procedure followed by column chromatography (hexane-
EtOAc) gave the products described. 
Reaction with Alkenylcupratemagnesium bromidedimethylsulfide reagent. A reported 
method 12 was used as follows: The dimethyl sulfide complex of cuprous bromide (0.14 g, 0.67 
mmol) was placed in a 50-mL flask maintained under argon. Dimethyl sulfide (0.67 mL) and ether 
(0.84 mL) were then added separately, and the resulting solution was cooled to -45 °C. The stirred 
mixture was treated with an etherial solution of butylmagnesium bromide (1.0 M, 0.74 mL, 0.74 
mmol), and after 1.5h, with 1-hexyne (0.084 mL, 0.74 mmol). The mixture was allowed to warm to 
-23 °C, and was stirred at this temperature for 2.25h. The resulting dark green solution was cooled 
to -50 °C, and treated with a solution in ether (3 mL) of diethyl aziridinyl-methylenemalonate 3a 
(0.30 g, 0.67 mmol). The mixture was allowed to warm to -30 °C, stirred at this temperature for 2h, 
and then at 0 °C for 2h. The mixture was treated with saturated aqueous NH4CI solution and 25% 
aqueous ammonia (3:1, 25 mL), processed as usual, and column chromatography (hexane-EtOAc 
(10:1)) of the crude material gave the product (0.20 g). 
Reaction with Tributyltin Cuprate. The reported method was used as follows: 13 n-BuLi 
(1.6M in hexane, 0.94 mL, 1.5 mmol) was added to a stirred, cooled (-78 °C) slurry of CuCN 
(0.067 g, 0.75 mmol) in ether (10 mL). The mixture was allowed to warm slowly to -50 °C, 
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recooled to -78 °C, whereon n-Bu3SnH (0.40 mL, 1.5 mmol) was added by syringe. Stirring was 
continued for 15 min, when diethyl aziridinyl-methylenemalonate 3a (0.30 g, 0.67 mmol) dissolved 
in ether (5 mL) was added. This mixture was allowed to warm to -30 °C over lh, stirred at this 
temperature for 3h and then treated with a 3:1 mixture of saturated aqueous NH4CI and 25% aqueous 
ammonia (25 mL). The usual processing followed by column chromatography (hexane-EtOAc (10:1 
to 7:1)) gave 4e (0.08 g, 16%) and 5e (0.15 g, 30%). 
Reaction with Sodium Thiophenoxide. A solution of thiophenol (0.073 mL, 0.74 mmol) in 
THF (2 mL) was added to a stirred, cooled (0 °C) suspension of sodium hydride (0.018 g, 0.74 
mmol) in THF (10 mL). The mixture was set aside for 30 min, cooled to -78 °C and treated with a 
solution of diethyl aziridinyl-methylenemalonate 3a (0.30 g, 0.67 mmol) in THF (5 mL). After 10 
min, the mixture was allowed to warm to -50 °C when stirring was continued for 2.5h prior to the 
addition of saturated aqueous NH4CI solution (25 mL). The reaction mixture was extracted with 
ether (3x 20 mL), the combined organic extracts washed with brine, dried (MgSC>4), and 
concentrated in vacuo. Column chromatography (hexane-EtOAc (5:1)) of the residue, gave 4f (0.24 
g, 64%). 
Reaction with K-Selectride. A solution of diethyl aziridinyl-methylenemalonate 3a (0.33 g, 
0.73 mmol) in dry THF (7 mL) was added to a stirred, cooled (-78 °C) solution of K-Selectride 
(1.0M, 0.80 mL, 0.80 mmol) in THF. The reaction mixture was stirred for 15 min at -78 °C, 
allowed to warm to 0 °C over 1.5h, and after a further lh at this temperature, was treated 
successively with a 10% NaOH aqueous solution (0.3 mL) and 35% H2O2 (3 mL), and set aside to 
attain room temperature, whereon it was poured into water. The mixture was extracted with ether (3x 
10 mL), and the combined organic extracts washed successively with saturated aqueous ЫаНСОз 
solution, brine, dried (MgSC>4), filtered, and concentrated in vacuo. Column chromatography 
(hexane-EtOAc (3:1)) of the residue afforded cyclopropane 5g (0.26 g, 79%) as an oil. 
Syntheses of 5 from 4 and 8 from 7. Synthesis of 5b from 4b is representative. A stirred 
solution of aziridine 4b (0.19 g, 0.37 mmol) in EtOH (6 mL) maintained under argon, was treated 
with a few drops of a solution (1.3 M) of sodium ethoxide, set aside overnight at room temperature 
and then concentrated in vacuo. Column chromatography (hexane-EtOAc (7:1)) of the residue 
yielded cyclopropane 5b (0.18 g, 95%) as an oil 
The following were obtained in a similar manner: 
3-Methyl-2-[l-(toluene-4-sulfonylamino)-heptyl]-cyclopropane-l,l-dicarboxylic 
acid diethyl ester (5a). Oil; IR (CCI4) 3260, 2925, 1790, 1465, 1300, 1165 c m 1 ; 'H NMR 
(CDCI3) δ 0.81-0.86 (m, ЗН, СЯ 3СН 2СН 2), 1.00-1.44 (m, 18Н, СЩ(СН2)лСНЯ, СНСЯз, 
2хОСН 2 СЯ 3 ). 1.45-1.84 (m, ЗН, СН 3СЯСЯ, СН 3 (СН 2 ) 4 СНЯ), 2.39+2.42 (2xs, ЗН, 
С 6 Н 4 С Я 3 ) , 2.95-3.12 (m, 0.5Н, CHN), 3.57-3.65 (m, 0.5Н, CHN), 4.08-4.24 (m, 4H, 
2хОСЯ2СН3), 4.90 (d, J = 8.0 Hz, 0.5H, NH), 4.96 (d, J = 8.4 Hz, 0.5H, NH), 7.24-7.32 (m, 
2H, 3, 5-СбЯ4), 7.72+7.84 (2xd, J = 8.0 Hz, 2H, 2, 6-СбЯ4); 1 3 C NMR (CDCI3) δ 9.0, 12.8, 
14.0, 14.1, 21.4, 22.4, 24.3, 24.7, 25.0, 28.9, 29.1, 31.5, 35.3, 35.6, 35.8, 37.0, 38.5, 40.1, 
50.4, 52.7, 61.1, 61.4, 61.5, 61.6, 126.8, 127.1, 129.4, 129.5, 136.4, 139.1, 143.0, 143.1, 
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166.7, 167.8, 168.2, 170.3; HRMS (M+l)+; Caled for C24H38NO6S: 468.24199; Found: 
468.24207 amu. 
2-{l-[3-Hexyl-l-(toluene-4-sulfonyI)-aziridin-2-yl]-pentyl}-malonic acid diethyl 
ester (4b). Oil; IR (CCI4) 2920, 1730, 1460, 1330, 1160 cm 1 ; >H NMR (CDCI3) δ 0.74-1.04 
(m, 6H, 2хСЯ3СН2СН2), 1.04-1.7 (m, 2IH, СН3(СЯ2)4, ЪиСН, 2хОСН2СЯ3, СН3(СЯ2)з), 
1.7-2.1 (m, 2Н, СН 2 СЯ 2 СШ), 2.43 (s, ЗН, СбН4СЯз), 2.5-2.75 (m, IH, НехСЯЫ), 2.95 (dd, 
J = 5, 10 Hz, IH, ЫСЯСНВи), 3.28 (d, J = 3.9 Hz, IH, СЯ(СО2Е02), 4.12 (q, J = 7.0 Hz, 2H, 
ОСЯ2СНз), 4.20 (q, J = 7.1 Hz, 2H, ОСЯ2СН3), 7.30 (d, J = 8.3 Hz, 2H, 3, 5-СбЯ4), 7.85 (d, J 
= 8.3 Hz, 2H, 2, 6-СбЯ4); HRMS (М)+; Caled for C 2 7 H 4 3 N06S: 509.2811; Found: 509.2811 
amu. 
3-Butyl-2-[l-(toluene-4-sulfonyIamino)-heptyl]-cyclopropane-l,l-dicarboxylic acid 
diethyl ester. The mixture of (5b) and (6b); oil; Ή NMR (CDCI3) δ 0.81-0.93 (m, 6H, 
2хСЯ3СН2СН2), 1.0-1.40 (m, 20Н, СН3(СЯ2)2СН2СН, СН3(СЯ2)5, 2хОСН2СЯ3), 1.44-1.80 
(m, 4Н, СН2СЯ2СЯСЯ), 2.41 (s, ЗН, СбН4СЯ3), 2.50-2.58 (m, 0.55Н, CHN), 3.21-3.27 (m, 
0.5Н, CHN), 2.95-3.06 (m, < O.IOH, CHN), 3.65-3.74 (m, 0.30H, CHN), 4.11-4.24 (m, 3H, 
ОСЯ2СН3, ОСЯНСН3), 4.29 (q, J = 7.2 Hz, IH, ОСНЯСН3), 4.54-4.59 (m, 0.35H, NH), 5.00 
(d, J = 8.0 Hz, 0.5H, NH), 6.48 (d, J = 11 Hz, 0.5H, CH=C), 7.24-7.31 (m, 2H, 3, 5-С6Я4), 
7.70-7.78 (m, 2H, 2, 6-СбЯ4). 
The single isomer (5b); oil; IR (ССЦ) 3260, 2920, 1720, 1455, 1320, 1230 cm"1; IH NMR 
(CDCI3) δ 0.70-0.95 (m, 6H, 2хСЯ3СН2СН2), 0.95-1.40 (m, 20Н, СН3(СЯ2)4, СН3(СЯ2)з, 
2хОСН2СЯ3), 1.50-1.60 (m, 2Н, CH2Œ2CHN), 1.60-1.75 (m, 2Н, СЯСЯВи), 2.41 (s, ЗН, 
СбН4СЯ3), 3.50-3.85 (m, IH, CHN), 4.16+4.18 (2xq, J = 7.1 Hz, 4H, 2хОСЯ2СН3), 4.56 (d, J 
= 7.9 Hz, IH, NH), 7.27 (d, J = 8.3 Hz, 2H, 3, 5-СбЯ4), 7.75 (d, J = 8.3 Hz, 2H, 2, 6-СбЯ4); 
1 3 C NMR (CDCI3) δ 14.0, 21.4, 22.4, 23.2, 23.9, 29.2, 29.7, 31.0, 31.3, 31.6, 35.2, 35.4, 36.7, 
50.4, 61.1, 61.6, 126.9, 129.5, 138.9, 143.1, 167.0, 170.3; HRMS (M)+; Caled for 
C27H43NO6S:509.2811; Found: 509.2811 amu. 
2-{l-[3-Hexyl-l-(toluene-4-sulfonyl)-aziridin-2-yl]-2-propenyl}-malonic acid 
diethyl ester (4c). Oil; IR (CC14) 2920, 1730, 1455, 1330, 1160 cm"1; 'H NMR (CDCI3) δ 
0.76-1.10 (m, ЗН, СЯ3СН2СН2), 1.10-2.20 (m, 16Н, СН3(СЯ2)5, 2хОСН2СЯ3), 2.44 (s, ЗН, 
С 6 Н 4 С Я з ) , 2.50-2.75 (m, 2Н, Н е х С Я ^ СЯСН = С Н 2 ) , 3.09 (dd, J = 5, 8 Hz, IH, 
NCЯCHCH=CH2), 3.31+3.41 (2xd, J = 6 Hz, IH, С Я ( С 0 2 Е і ) 2 ) , 4.00-4.35 (m, 4H, 
2х0СЯ2СН3), 4.92-5.26 (m, 2Н, СН=СЯ2), 5.38-6.10 (m, IH, СЯ=СН2), 7.31 (d, J = 9 Hz, 
2H, 3, 5-С
б
Я4), 7.80-7.95 (m, 2H, 2, 6-С6Я4); HRMS (M+l)+; Caled for C 2 5 H38N0 6 S: 
480.24199; Found: 480.24187 amu. 
2-[l-(Toluene-4-sulfonylamino)-heptyl]-3-vinyl-cyclopropane-l,l-dicarboxylic 
acid diethyl ester (5c). Oil; IR (ССЦ) 3260, 2920, 1720, 1460, 1320, 1160 cm"1; Ή NMR 
(CDC13)Ö 0.83-0.94 (m, ЗН, С Я 3 С Н 2 С Н 2 ) , 1.10-1.30 (m, 14Н, СН 3 (СЯ 2 )4СН 2 , 
2хОСН2СЯ3), 1.50-1.60 (m, 2Н, СН(СН2)4СЯ2), 1.88 (dd, J = 9.7, 9.7 Hz, 0.90Н, Н-3), 
2.42+2.44 (2s, ЗН, С
б
Н4СЯ3), 2.35 (dd, J = 9.7, 9.7 Hz, 0.90H, H-2), 2.60-2.78 (m, 0.20H, H-
2, Н-3), 3.60-3.70 (m, 0.90Н, СЯ№1), 4.18 (q, J = 7.1 Hz, 4H, 2хОСЯ2СН3), 4.35-4.40 (m, 
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O.IOH, CtfNH), 4.71 (d, J = 6.9 Hz, IH, NH), 5.01 (dd, J = 1.7, 17 Hz, IH, СН=СЯ2), 5.20 
(dd, J = 1.7, 17 Hz, IH, СН=СЯ2), 5.29-5.38 (m, IH, СЯ=СН2), 7.27 (d, J = 8.2 Hz, 1.8H, 3, 
5-СбЯ4), 7.33 (d, J = 8.2 Hz, 0.2H.3, 5-СбЯ4), 7.73 (d, J = 8.2 Hz, 1.8H, 2, 6-СбЯ4), 7.93 (d, J 
= 8.2 Hz, 0.2H, 2, 6-СбЯ4); 1 3 C NMR (CDCI3) δ 14.0, 21.4, 22.5, 24.1, 29.1, 31.6, 33.8, 35.1, 
35.6, 50.7, 61.4, 61.9, 119.9, 127.1, 129.4, 129.5, 138.5, 143.1, 166.1, 169.2; HRMS (M+l)+; 
Caled for C25H38NO6S: 480.24199; Found: 480.24211 armi. 
2-(2-ButyI-hex-l-enyl)-3-[l-(toluene-4-sulfonylamino)-heptyl]-cyclopropane-l,l-
dicarboxylic acid diethyl ester (5d). Oil; IR (CCI4) 3260, 2960, 1720, 1450, 1320, 1160 crrr 
1; IH NMR (CDCI3) δ 0.82-0.92 (m, 9H, ЗхСЯ3СН2СН2), 1.12-1.33 (m, 22Н, СН 3(СЯ 2) 4, 
2хСН3(СЯ2)2, 2хОСН2СЯ3), 1.50-1.75 (m, 2Н, Ctf2CHN), 1.78 (dd, J = 9.7, 10 Hz, IH, H-2), 
1.82-2.05 (m, 4Н, СН=С(СЯ2)2), 2.41 (s, ЗН, С 6Н 4СЯ 3), 2.50 (dd, J = 9.5, 9.7 Hz, IH, H-3), 
3.75-3.84 (m, 0.90H, CtfNH), 4.06^.22 (m, 4H, 2хОСЯ2СН3), 4.25-4.30 (m, 0.10H, C ^ H ) , 
4.49 (d, J = 6.8 Hz, 0.12H, NH), 4.65 (d, J = 6.8 Hz, 0.88H, NH), 4.84 (d, J = 9.5 Hz, IH, 
CH=C), 7.24 (d, J = 8.4 Hz, 2H, 3, 5-СбЯ4), 7.73 (d, J = 8.4 Hz, 1.8H, 2, 6-СбЯ4), 7.93 (d, J = 
8.4 Hz, 0.2H, 2, 6-СбЯ4); HRMS (M+l)+; Caled for C33H53NO6S: 592.3672; Found: 592.3670 
amu. 
2-{[3-Hexyl-l-(toluene-4-sulfonyl)-aziridin-2-yl]-(tri-butylstannyl)-methyl}-
malonic acid diethyl ester (4e). OU; IR (CC14) 2920, 1730, 1460, 1330, 1180 c m 1 ; ]H NMR 
(CDCI3) δ 0.72-1.05 (m, 12H, 4хСЯ3СН2СН2), 1.05-2.10 (m, 34H, СН3(СЯ2)5, ЗхСН3(СЯ2)3, 
2хОСН 2 СЯ 3 ), 2.12-2.35 (m, IH, CHSn), 2.43 (s, ЗН, C 6 H 4 C H 3 ) , 2.51-2.74 (m, IH, 
HexCHN), 2.94 (dd, J = 6, 9 Hz, IH, NŒCHSn), 3.29 (d, J = 6 Hz, IH, СЯ(С0 2 Еі) 2 ), 
4.12+4.19 (2xq, J = 7 Hz, 4H, 2хОСЯ2СН3), 7.30 (d, J = 8 Hz, 2H, 3, 5-С6Я4), 7.85 (d, J = 8 
Hz, 2H, 2, 6-СбЯ4). 
2-tri-ButyIstannyl-3-[l-(toluene-4-suIfonylamino)-heptyl]-cyclopropane-l,l-
dicarboxylic acid diethyl ester (5e). Oil; IR (CC14) 3270, 2920, 1720, 1455, 1320, 1210 enr 
!; !H NMR (CDCI3) δ 0.81-0.93 (m, 12H, 4хСЯ3СН2СН2), 1.00-1.40 (m, 29H, 2хОСН2СЯ3, 
СНз(СЯ2)4, 3xSn(Œ2)3CH3), 1.40-1.65 (m, 4Н, 3xSnŒ2CH2), 1.65-1.75 (m, 2H, Œ2CHN, 
ŒCHSn), 1.80-1.90 (m, IH, CHSn), 2.41+2.42 (2xs, ЗН, С 6 Н 4 СЯ 3 ), 2.88-3.08 (m, 0.25H, 
CHN), 3.59-3.64 (m, 0.75H, CHN), 4.10-4.35 (m, 4H, 2хОСЯ2СН3), 4.73 (d, J = 7.6 Hz, IH, 
NH), 7.25-7.29 (m, 2H, 3, 5-СбЯ4), 7.74-7.79 (m, 2H, 2, 6-СбЯ4). 
2-{[3-Hexyl-l-(toluene-4-sulfonyl)-aziridin-2-yl]-phenylthio-methyI}-malonic acid 
diethyl ester (AT). Oil; IR (CC14) 2920, 1730, 1440, 1330, ПбОспг1; ·Η NMR (CDCI3) δ 0.75-
1.04 (m, ЗН, СЯ 3СН 2СН 2), 1.04-1.5 (m, 14Н, СН 3(СЯ 2) 4, 2хОСН2СЯ3), 1.5-1.9 (m, 2Н, 
CH2CHN), 2.34+2.43 (2xs, ЗН, С 6 Н 4 СЯ 3 ) , 1.75-3.04 (m, IH, CtfSPh), 3.1-3.4 (m, IH, 
HexCtfN), 3.42-3.62 (m, 2H, NCtfCHS, СЯ(С02Еі)2), 4.05-4.32 (m, 4Н, 2хОСЯ2СН3), 7.16-
7.50 (m, 7Н, SPh, 3, 5-СбЯ4СН3), 7.73-7.90 (m, 2Н, 2, 6-СбЯ4СН3); HRMS (M)+;Calcd for 
C29H39N06S2: 561.2219; Found: 561.2220 amu. 
2-[l-(Toluene-4-sulfonylamino)-heptyl]-cyclopropane-l,l-dicarboxyIic acid diethyl 
ester (Sg). mp: 69-71 °C; IR (ССЦ) 3260, 2920, 1715, 1440, 1320 cm"1; Ή NMR (CDCI3) δ 
0.84 (t, J = 7.2 Hz, ЗН, СЯ3СН2СН2), 1.04-1.32 (m, 16H, СН 3(СЯ 2) 5, 2хОСН2СЯ3), 1.32-
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1.45 (m, IH, NCHCHOT2), 1.45-1.55 (m, IH, NCHCHCtf2), 186 (dt, J = 8.5, 8.5 Hz, IH, 
N C H C # C H 2 ) , 2.42 (s, 3H, С 6 Н 4 С Я 3 ) , 2.95-3.02 (m, IH, CHN), 4.09-4.25 (m, 4H, 
2хОСЯ2СН3), 4.66 (d, J = 8.4 Hz, IH, NH), 7.29 (d, J = 8.0 Hz, 2H, 3, 5-С6Я4), 7.76 (d, J = 
8.0 Hz, 2H, 2, 6-С6Я4); 1 3 C NMR (CDCI3) δ 14.0, 19.9, 21.5, 22.4, 24.9, 28.9, 29.7, 31.6, 
32.7, 34.3, 35.7, 53.7, 61.6, 127.1, 129.6, 138.4, 143.3, 167.7, 169.4; HRMS (M+l)+; Caled for 
C 2 3H 3 6 N0 6 S: 454.22634; Found: 454.22612 amu; Anal. Caled for C 2 3 H 3 5 N06S: C, 60.90;H, 
7.78; N, 3.09; S, 7.07. Found: C, 60.78; H, 7.86; N, 2.99; S, 6.84. 
2-[l-(3-Hexyl-l-methylsulfonyI-aziridin-2-yI)-ethyl]-niaIonic acid diethyl acid 
(7a). Oil; IR (CCI4) 2920, 1725, 1444, 1366, 1318 cm"1; 'Η NMR δ 0.78-1.02 (m, ЗН, 
СЯ 3СН 2СН 2), 1.09-1.6 (m, 18Н, СН3(СЯ2)4СЯН, СЯ3СН, 2хОСН2СЯ3), 1.6-1.9 (m, IH, 
СН3(СН2)4СНЯ), 1.9-2.35 (m, IH, СН3СЯ), 2.48-2.65 (m, IH, НехСЯМ), 2.78 (dd, J = 4.4, 
8.4 Hz, IH, Ж:ЯСНСН 3 ), 3.14 (s, ЗН, S0 2 CH 3 ), 3.59 (d, J = 4.8 Hz, IH, Œ(C0 2 Et) 2 ) , 
4.22+4.25 (2xq, J =7.2 Hz, 4H, 2хОСЯ2СН3); HRMS (M+l)+; Caled for C i 8 H 3 4 N 0 6 S : 
392.21068; Found: 392.21063 amu. 
2-[l-(MethyIsulfonylamino)-heptyl]-3-methyl-cyclopropane-l,l-dicarboxylic acid 
diethyl ester (8a). The mixture with the aziridine-protonated compound (9a); oil; IR (CC14) 
3260, 2920, 1730, 1440, 1340, 1150 cm-1; Ή NMR (CDC13) δ 0.85-0.90 (m, ЗН), 1.11-1.6 (m, 
18Н), 1.71-1.96 (m, 2H), 2.16 (dd, J = 7.2, 7.2 Hz, 0.5H), 2.5-2.6 (m, 0.14H), 2.90+2.98 (2s, 
0.5H), 2.98+3.02 (2s, 2.5H), 3.12-3.16 (m, 0.5H), 3.40-3.49 (m, 0.07H), 3.50-3.51 (m, 0.07H), 
3.66-3.80 (m, 0.5H), 4.14-4.31 (m, 4H), 4.69 (d, J = 8.0 Hz, 0.3H), 4.80 (d, J = 8.4 Hz, 0.5H), 
5.02+5.08 (2xd, J = 8 Hz, 0.07H), 6.9 (d, J = 8 Hz, 0.04H), 7.04 (dd, J = 8, 8 Hz, 0.04H). 
The pure cyclopropane (8a); oil; IR (CCI4) 3300, 2920, 1723, 1455, 1320, 1150 cm 1 ; *H NMR 
(CDCI3) δ 0.79-1.03 (m, ЗН, СЯ 3 СН 2 СН 2 ) , 1.19-1.61 (m, 19H, СЯ3СН, СН 3 (СЯ 2 ) 5 , 
2хОСН2СЯ3), 1.61-1.93 (m, 2Н, СН3СЯСЯ), 3.00 (s, ЗН, S0 2CH 3), 3.6-3.88 (m, IH, CHN), 
4.06-4.33 (m, 4H, 2хОСЯ2СН3), 4.47 (d, J = 8.0 Hz, IH, NH). 
2-[l-(3-Hexyl-l-methyIsulfonyl-aziridin-2-yl)-pentyl]-malonic acid diethyl ester 
(7b). Oil; IR (CC14) 2920, 1735, 1600, 1465, 1325, 1150 cm-1; I H NMR (CDCI3) δ 0.80-1.08 
(m, 6H, 2хСЯ 3 СН 2 СН 2 ) , 1.10-1.84 (m, 22H, СН 3 (СЯ 2 ) 4 СЯН, ВиСЯ, СН 3 (СЯ 2 ) 3 , 
2хОСН2СЯ3), 1.84-2.24 (m, IH, CHffCHN), 2.5-2.7 (m, IH, CHN), 2.84 (dd, J = 4.0, 8.2 Hz, 
IH, NŒCHBu), 3.14 (s, ЗН, S0 2 CH 3 ), 3.64 (d, J = 4.1 Hz, IH, СЯ(СО2Е02), 4.22+4.24 
(2xq, J = 7.1 Hz, 4H, 2хОСЯ2СН3); HRMS (M+-l)+; Caled for C 2iH 4 0NO 6S: 434.25764; Found: 
434.25772 amu. 
3-Butyl-2-[l-(methylsulfonylamino)-heptyl]-cyclopropane-l,l-dicarboxylic acid 
diethyl ester (8b). Oil; IR (CCI4) 3270, 2920, 1720, 1460, 1325, 1220 cm-1; l H N M R (CDCI3) 
δ 0.75-0.93 (m, 6H, 2хСЯзСН 2 СН 2 ), 1.21-1.64 (m, 20H, С Н 3 ( С Я 2 ) 4 , СН 3 (СЯ 2 )з, 
2хОСН2СЯ3), 1.64-1.90 (m, 4H, CЯ2CHN, СЯСЯВи), 2.99 (s, ЗН, S0 2CH 3), 3.6-3.95 (m, 
IH, CHN), 4.18+4.20 (2xq, J = 7.1 Hz, 4H, 2х0СЯ2СН3), 4.53 (d, J = 8.1 Hz, IH, NH); 
HRMS (M+-l)+; Caled for C ^ H ^ O e S : 434.25764; Found: 434.25772 amu. 
3-Butyl-2-[l-(toluene-4-suIfonylamino)-ethyl]-cyclopropane-l,l-dicarboxylic acid 
diethyl ester (10). Oil; Rf = 0.21 (hexane:EtOAc = 3:1), column chromatography was conducted 
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using hexane-EtOAc (7:1) as eluent; Ή NMR (CDCI3) δ 0.83-0.91 (m, 3H,Cff3(CH2)3), 1.09-1.39 
(m, 14H, CH3(Cff2)2CffH, Cff3CH, 2xOCH2Cff3), 1.57-1.80 (m, ЗН, CH3(CH2)2CHffCff, 
BuCHCff), 2.41 (s, ЗН, C6H4Cff3), 3.00-3.08 (m, 0.15Н, CffNH), 3.50-3.58 (m, 0.85Н, 
CffNH), 4.09-4.23 (m, 4Н, 2xOCff2CH3), 4.79 (d, J = 7.8 Hz, 0.85H, NH), 4.92 (d, J = 7.8 Hz, 
0.15H, NH), 7.29 (d, J = 8.4 Hz, 2H, 3, 5-Q¡ff4), 7.76 (d, J = 8.4 Hz, 2H, 2, 6-СбЯ4). MS (CI): 
m/e (relative intensity (%)) 440 (M+l)+ (1.0), 394 (19.8), 284 (28.7), 269 (41.3), 241 (20.4), 195 
(14.6), 183 (10.7), 155 (19.9). 
3-Methyl-2-[l-(2,4,6-trimethylbenzenesulfonylamino)-ethyl]-cycIopropane-l,l-
dicarboxylic acid diethyl ester (12). Purification by flash column chromatography using 
hexane-EtOAc (5:1) as eluent gave 12 (0.13 g, 46%) as an oil; IR (CCI4) 3300, 2980, 1720, 1445, 
1370, 1325, 1210 c m 1 ; >H NMR (CDC13) δ 0.78 (d, J = 6.3 Hz, 1.8H, 3-CH3), 0.96 (d, J = 6.7 
Hz, 1.2H, 3-CH3), 1.13 (d, J = 6.7 Hz, 1.8H, Cff3CHNH), 1.18-1.29 (m, 7.2H, Cff3CHNH, 2x 
OCH2Cff3), 1.39-1.46 (m, 0.6H, H-3), 1.61-1.68 (m, IH, H-2, Н-3), 1.78-1.81 (m, 0.4Н, Н-2), 
2.29+2.30 (2s, ЗН, 4-Cff3C6H2), 2.64+2.66+2.69 (3s, 6Н, 2, 6-(СЯ3)2СбН2), 2.98-3.04 (m, 
0.6Н, CffNH), 3.48-3.52 (m, 0.4Н, CffNH), 4.04-4.22 (m, 4H, 2x OCff2CH3), 4.78 (d, J = 8.3 
Hz, 0.4H, NH), 4.97 (d, J = 8.6 Hz, 0.6H, NH), 6.94+6.97 (2s, 2H, 3, 5-Côff2). HRMS (M)+; 
Caled for C2iH3iN06S: 425.1872; Found: 425.1875 amu. 
3-Butyl-2-[l-(2,4,6-trimethylbenzenesulfonylarnino)-ethyl]-cyclopropane-l,l-
dicarboxylic acid diethyl ester (13). Purification by flash column chromatography using 
hexane-EtOAc (7:1) as eluent gave 13 (0.15 g, 48%) as an oil; IR (CCI4) 3300, 2960, 1720, 1450, 
1370, 1320, 1250, 1215 cm"1; Ή NMR (CDCI3) δ 0.84 (t, J = 7.2 Hz, ЗН, Cff3CH2CH2), 1.09-
1.35 (m, 15H, 2x OCH2Cff3, CH3(Cff2)3CH, Cff3CHNH), 1.57-1.62 (m, IH, H-3), 1.68-1.73 
(m, IH, H-2), 2.28+2.30 (2s, 3H, 4-Cff3C6H2), 2.64+2.65 (2s, 6H, 2, 6-(Cff3)2C6H2), 2.98-
3.01 (m, 0.09H, CffNH), 3.55-3.62 (m, 0.91H, CffNH), 4.10-4.23(m, 4H, 2x OCff2CH3), 4.52 
(d, J = 8.3 Hz, 0.91 H, NH), 4.67 (br s, 0.09H, NH), 6.94+6.96 (2s, 2H, 3, 5-C6ff2)· HRMS 
(M)+; Caled for C 2 4 H 3 7 N0 6 S: 467.2342; Found: 467.2339 amu. 
3-Methyl-2-[l-(2,4,6-trimethylbenzenesulfonylamino)-heptyl]-cyclopropane-l,l· 
dicarboxylic acid diethyl ester (14). Purification by flash column chromatography using 
hexane-EtOAc (7:1) as eluent gave 14 (0.20 g, 60%) as an oil; IR (ССЦ) 3300, 2920, 1725, 1455, 
1405, 1370, 1320, 1210 cm"1; lH NMR (CDC13) δ 0.74 (d, J = 6.6 Hz, 0.63H, Cff3CH), 0.83 (t, 
J = 7.0 Hz, 3H, Cff3CH2CH2), 0.98 (d, J = 6.6 Hz, 2.37H, Cff3CH), 1.04-1.28 (m, 14H, 2x 
OCH2Cff3, CH3(Cff2)4CH2), 1.32-1.37 (m, 0.42H, Cff2CH), 1.53-1.83 (m, 3.58H, Cff2CH, H-
2, H-3), 2.28+2.29 (2s, 3H, 4-Cff3C6H2), 2.64 (s, 4.6H, 2, 6-(Cff3)2C6H2), 2.67 (s, 1.4H, 2, 6-
(Cff3)2C6H2), 2.98-3.04 (m, 0.21H, CffNH), 3.61-3.68 (m, 0.79H, CffNH), 4.09-4.24 (m, 4H, 
2x OCff2CH3), 4.49 (d, J = 8.0 Hz, 0.79H, NH), 4.57 (d, J = 9.0 Hz, 0.21 H, NH), 6.93 (s, 
1.58H, 3, 5-C6ff2). 6.97 (s, 0.42H, 3, 5-C<>ff2); HRMS (M)+; Caled for C 2 6 H 4 iN0 6 S: 495.2655; 
Found: 495.2654 amu. 
3-Butyl-2-[l-(2,4,6-trimethylbenzenesulfonylamino)-heptyl]-cyclopropane-l,l-
dicarboxylic acid diethyl ester (15). Purification by flash column chromatography using 
hexane-EtOAc (10:1) as eluent gave 15 (0.25 g, 69%) as an oil; IR (ССЦ) 3310, 2920,1720, 1450, 
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1370, 1330, 1220, 1160 cm"1; lH NMR (CDCI3) δ 0.81-0.86 (m, 6H. 2х СЯ3СН2СН2), 1.06-
1.30 (m, 20Н, СН 3 (СЯ 2 )4СН 2 , СН3(СЯ2)3СНСН, 2х ОСН 2СЯ 3), 1.48-1.52 (m, 2Н, 
СН 3(СН 2) 4СЯ 2), 1.65-1.72 (m, 2Н, Н-2, Н-3), 2.28+2.29 (2s, ЗН, 4-СЯ3С6Н2), 2.64+2.66 
(2s, 6Н, 2, 6-(СЯз)2С6Н2), 2.96 (m, 0.10Н, CHN), 3.70-3.75 (m, 0.90Н, CHN), 4.12-4.21 (m, 
4H, 2x ОСЯ 2 СН 3 ), 4.49 (d, J = 8.0 Hz, 0.90H, NH), 4.58 (d, J = 8.0 Hz, 0.10H, NH), 
6.93+6.94 (2s, 2H, 3, 5-С6Я2); 1 3 C NMR (CDCI3) δ 14.0, 20.8, 22.4, 23.0, 23.1, 24.0, 29.2, 
31.0, 31.3, 31.6, 35.3, 35.5, 36.7, 50.3, 61.1, 61.6, 131.9, 136.2, 138.4, 141.8, 167.0, 170.7; 
HRMS (M)+; Caled for С 2 9Н 4 7Ж)б8: 537.3124; Found: 537.3125 amu. 
Methyl (2S, 3S)-3-methyl-l-(toluene-4-sulfonyl)-aziridin-2-carboxylate. Methyl (2S, 
3S)-3-methy]-l-trityl-aziridin-2-carboxylate (3.2 g, 8.9 mmol) which was prepared according to a 
literature method 2 5 was dissolved in 14 mL of chloroform and methanol (1:1 v/v). To this solution 
was added 7 mL of trifluoroacetic acid under ice cooling. The mixture was stirred for 3h in an ice 
bath and then concentrated in vacuo. Evaporation with newly added ether was repeated several times 
to remove trifluoroacetic acid as completely as possible. The residue was dissolved in ether again and 
3-methyl-aziridine-2-carboxylate trifluoroacetate was extracted with water (3x 30 mL). To the 
aqueous extract was added sodium hydrogencarbonate (3.5 g, 0.042 mol) and 30 mL of ethyl 
acetate. Tosyl chloride (1.7 g, 8.9 mmol) was added to the mixture under vigorous stirring in an ice 
bath. After stirring overnight at room temperature, the ethyl acetate layer was separated from the 
aqueous layer which was extracted with another portion of ethyl acetate again. The combined organic 
layers were washed with brine, dried over MgS04, and concentrated. The crude product thus 
obtained was purified by column chromatography (silica, hexane-EtOAc (3:1)) to give 1.2 g (50%) 
of methyl 1-tosyl-aziridinecarboxylate: oil; IR (CCI4) 2960, 1750, 1440, 1410, 1340, 1280, 1200, 
1160 cm-1; ·Η NMR (CDCI3) δ 1.32 (d, J = 5.6 Hz, ЗН, Œ3CHN), 2.45 (s, ЗН, СбН4СЯ3), 
3.10 (dq, J = 5.6, 7.4 Hz, IH, С Н 3 С Я ^ , 3.39 (d, J = 7.4 Hz, IH, СНСО), 3.74 (s, ЗН, OCH3), 
7.34 (d, J = 8.1 Hz, 2H, 3, 5-С6Я4), 7.85 (d, J = 8.4 Hz, 2H, 2, 6-С6Я4); 1 3 С NMR (CDCI3) δ 
12.2, 21.7, 40.1, 41.2, 52.6, 128.0, 129.8, 134.4, 145.0, 166.3. 
(2S, 3S)-2-Formyl-3-methyl-l-(toluene-4-sulfonyl)-az¡ridine. A hexane solution of 
diisobutylaluminumhydride (l.OM, 5.4 mL, 5.4 mmol) was added to a dichloromethane solution (22 
mL) of methyl c/s-3-methyl-l-(toluene-4-sulfonyl)-aziridine-2-carboxylate (1.2 g, 4.5 mmol) at -78 
°C under Ar. After completion of the addition, the mixture was stirred for one hour and sodium 
fluoride (1.9 g) and water (1.3 mL) were added. The reaction mixture was then warmed slowly to 
room temperature and the white solid thus formed was collected. The filtrate was concentrated in 
vacuo and column chromatography (hexane-EtOAc (2:1)) of the residual oil afforded c/i-2-formyl-3-
methyl-l-(toluene-4-sulfonyl)-aziridine (0.88 g, 3.7 mmol) in 82% yield also as an oil. IR (CC14) 
2920, 1730, 1440, 1400, 1340, 1215, 1160 cm"1; ·Η NMR (CDCI3) δ 1.39 (d, J = 5.6 Hz, ЗН, 
СЯзСНЩ 2.46 (s, ЗН, СЯзС6Н4), 3.12-3.27 (m, 2Н, Н-2, Н-3), 7.36 (d, J = 8.0 Hz, 2Н, 3, 5-
СбЯ4), 7.84 (d, J = 8.0 Hz, 2H, 2, 6-СбЯ4), 9.31 (d, J = 5.4 Hz, IH, CHO); 1 3 C NMR (CDCI3) δ 
12.9, 21.5, 40.6, 46.4, 127.8, 129.8, 145.1, 195.3. 
(2R, 3S)-2-[3-Methyl-l-(toIuene-4-sulfonyl)-aziridin-2-ylmethylene]-malonic acid 
diethyl ester (16). Diethyl cij-3-methyl-aziridinylmethylene-malonate was prepared from cis-2-
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formyl-3-methyl-l-tosyl-aziridine according to the standard method. After column chromatography 
(silica-gel, hexane-EtOAc (5:1)), the aziridine 16 (1.2 g, 85%) was obtained as an oil. IR (ССЦ) 
2980, 1730, 1440, 1395, 1335, 1240, 1160 cm"1; Ή NMR (CDCI3) δ 1.21-1.43 (m, 9H, 
Ctf3CHN, 2x ОСН2СЯ3), 2.45 (s, 3H, СЯ 3 С 6 Н 4 ), 3.15 (dq, J = 5.9, 7.4 Hz, IH, CH3CHN), 
3.70 (dd, J = 7.4, 8.4 Hz, IH, NŒCH=C), 4.23 (q, J = 7.1 Hz, 2H. ОСЯ2СН3), 4.34 (q, J = 
7.1 Hz, 2H, ОСЯ2СН3), 6.61 (d, J = 8.4 Hz, IH, CHC=C), 7.34 (d, J = 8.1 Hz, 2H, 3, 5-СбЯ4), 
7.81 (d, J = 8.2 Hz, 2H, 2, 6-С6Я4); 1 3 C NMR (CDCI3) δ 13.0, 13.9, 14.0, 21.5, 41.4, 41.7, 
61.6, 61.7, 127.7, 129.7, 132.6, 134.7, 140.6, 144.7, 162.7, 163.7. 
3-Butyl-2-[l-(lS)-(toluene-4-sulfonylamino)-ethyl]-cyclopropane-l,l-dicarboxylic 
acid diethyl ester (18). Oil; Column chromatography, with hexane-EtOAc (7:1) as eluent; IR 
(ССЦ) 3300, 2920, 1720, 1550, 1370, 1300, 1250, 1210 cm-1; ·Η NMR (CDCI3) δ 0.85 (t, J = 
6.4 Hz, ЗН, С Н 2 С Н 2 С Я 3 ) , 1.08 (d, J = 6.4 Hz, 3H, CW3CHN), 1.10-1.41 (m, 12H, 
(СЯ2)зСН3, 2x ОСН2СЯ3), 1.76-1.81 (m, 2H, H-2, H-3), 2.41 (s, ЗН, С 6 Н 4 СЯ 3 ), 3.13-3.18 
(m, IH, CHN), 4.07-4.27 (m, 4H, 2x ОСЯ2СН3), 4.83 (d, J = 6.8 Hz, IH, NH), 7.27 (d, J = 8.4 
Hz, 2H, 3, 5-СбЯ4), 7.72 (d, J = 8.4 Hz, 2H, 2, 6-СбЯ4)); 1 3 C NMR (CDCI3) δ 13.9, 14.0, 14.2, 
21.1, 21.5, 22.3, 27.4, 30.7, 31.5, 38.6, 40.1, 48.9, 61.5, 62.0, 127.0, 129.6, 138.7, 143.1, 
168.0, 168.2. 
6-Butyl-4-methyl-2-oxo-3-(toluene-4-sulfonyl)-3-aza-b¡cyclo[3.1.0]hexane-l-
carboxylic acid ethyl ester (19). A stirred solution of 17 (0.10 g, 0.23 mmol) in ЕЮН (7 
mL), maintained under argon, was treated with a few drops of 1.3 M ethanolic solution of NaOEt, 
set aside overnight at room temperature, and concentrated in vacuo. Flash column chromatography 
(hexane-EtOAc (7:1)) of the residue gave 19 (0.06 g, 66%) as an oil; IR (ССЦ) 2960, 1740, 1720, 
1370, 1330, 1255, 1170 cm 1 ; lH NMR (CDCI3) δ 0.79 (t, J = 7.3 Hz, ЗН, СН2СН2СЯ3), 1.01-
1.30 (m, 9Н, (СЯ2)зСН3, ОСН2СЯ3), 1.63 (d, J = 6.4 Hz, ЗН, Œ3CHN), 2.02-2.07 (m, IH, 
СЯВи), 2.14 (d, J = 8.4 Hz, IH, H-5), 2.42 (s, ЗН, СбН4СЯ3), 4.16-4.23 (m, ЗН, ОСЯ2СН3, 
СН 3СЯЩ 7.31 (d, J = 8.4 Hz, 2Н, 3, 5-СбЯ4), 7.95 (d, J = 8.4 Hz, 2H, 2, 6-СбЯ4); 1 3 С NMR 
(CDCI3) δ 13.8, 14.1, 21.6, 21.8, 22.1,, 23.0, 30.8, 33.3, 34.2, 52.3, 61.8, 128.7, 129.4, 135.6, 
145.2, 165.9, 167.9. 
Reactions with Hetero-Organocuprates, Standard procedure: An etherial or dimethyl sulfide 
(DMS) solution (5 mL) of a lithium alkoxide or lithium amide (obtained by treatment of the 
corresponding alcohol or amine (0.74 mmol) with MeLi (0.46 mL; 0.74 mmol) at 0 °C) was added 
to a stirred, cooled (-50 °C) suspension (or solution) of Cui (0.14 g, 0.74 mmol) in ether or DMS (5 
mL). The mixture was allowed to warm to -30 °C and maintained at this temperature for 30 min, 
whereon it was cooled to -78 °C and treated with the appropriate Grignard reagent (1.0 M in ether, 
1.4 mmol) followed immediately by addition of a solution of the aziridine 3a (0.30 g, 0.67 mmol) in 
ether (or DMS; 5 mL). After a further period of 15 min at -78 °C, the mixture was allowed to attain 
room temperature over 3h. With alkoxide hetero-cuprates, the reaction mixture was treated with 
saturated aqueous NH4CI solution (50 mL), whereas with amide hetero-cuprates, the reaction was 
quenched by addition of 5% aqueous H 2 S0 4 (50 mL). The resultant mixtures were treated with ether 
(50 mL), filtered through "hyflo", the inorganic material washed with ether, and the combined ether 
67 
Synthesis of Functionali7.ed Cvclopropanes bv MIRC Reactions 
layers washed (3x 100 mL) with a saturated aqueous NH4CI solution - 25% aqueous ammonia 
mixture (3:1), brine, dried (MgSC>4) and concentrated in vacuo. Flash column chromatography 
(hexane-EtOAc (7:1)) of the residue gave cyclopropane 5a. 
Reaction with (Vinyl)CuMgBr2-SMe2. A cooled (-45 °C), stirred suspension of CuBrSMe2 
(0 17 g, 0.80 mmol) in dimethyl sulfide (0.80 mL) and Et20 (1.0 mL) and maintained under Ar, was 
treated with 1.0 M vinylmagnesiumbromide m THF (0.80 mL, 0.80 mmol), and then set aside at the 
same temperature for 1.5h. The black-color mixture was cooled to -78 °C, treated with a solution of 
3a (0.30 g, 0.67 mmol) in Et2Û (5 mL) and after 10 min, set aside to attain 0 °C over 3h, and then 
processed as described above. Flash column chromatography (hexane-EtOAc (9:1)) yielded a 
mixture of 3a and 4c (1:1,0.07 g) and 5c (0.05 g, 16%). 
2-[l-(2,4,6-Trimethylbenzenesulfonylamino)-heptyl]-3-vinyl-cyclopropane-l,l-
dicarboxylic acid diethyl ester (20). To a stirred suspension of 3e (0.32 g, 0.67 mmol) and 
CuCN (0.006 g, 0.067 mmol) in ether (15 mL) cooled in an dry ice-acetone bath and under Ar, was 
added a 1.0 M THF solution of vinylmagnesiumbromide (0.80 mL, 0.80 mmol). After stirring at -78 
°C for 25 min, the reaction mixture was allowed to warm to room temperature over 3h when 
saturated aqueous NH4CI (50 mL) was added to quench the reaction. The mixture was extracted with 
ether (2x 30 mL) and the combined organic layers washed with brine, dried (MgSÜ4), and 
concentrated in vacuo. The resultant residue was dissolved in ethanol (22 mL), treated with 1.3 M 
NaOEt in EtOH (0.15 mL), stirred overnight at room temperature, and concentrated in vacuo. Flash 
column chromatography (hexane-EtOAc (6:1)) of the residue gave 20 (0.12 g, 35%) as an oil; IR 
(CCI4) 3360, 2920, 1720, 1440, 1370, 1320, 1240, 1150 cm-'; lH NMR (CDCI3) δ 0.83 (t, J = 
7.2 Hz, 3H, СН2СН2СЯ3), 1.01-1.27 (m, 14H, СН2(СЯ2)4СНз, 2x ОСН2СЯ3), 1.58-1.63 (m, 
2H, СЯ2СНІЧ), 1.91 (dd, J = 10, 10 Hz, IH, H-3), 2.28, (s, ЗН, С6Н4-4-СЯ3), 2.37 (dd, J = 10, 
10 Hz, IH, H-2), 2.62 (s, 6H, 2, 6-(СЯз)2С6Н4), 3.66-3.74 (m, IH, CHN), 4.13-4.23 (m, 4H, 
2x ОСЯ2СН3), 4.50 (d, J = 6.8 Hz, IH, NH), 4.99 (d, J = 10 Hz, IH, СН=СЯ2), 5.20 (d, J = 16 
Hz, IH, СН=СЯ2), 5.33-5.42 (m, IH, СЯ=СН2), 6.91 (s, 2H, 3, 5-СбЯ4); 1 3 С NMR (CDCI3) 6 
14.0, 20.8, 22.5, 23.1, 24.1, 29.2, 31.6, 33.9, 35.1, 35.3, 39.0, 50.6. 61.4, 61.9, 119.9, 129.1, 
131.8, 135.8, 138.5, 141.8, 166.1, 169.3. 
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Chapter 5 
Preliminary Studies on Directed Metalation Reactions using Aziridines. 
5.1 Introduction 
Directed Ortho metalation has been used to synthesize a wide range of aromatic compounds 
which are not easily accessible by conventional methodologies.1 The concept of Ortho metalation is 
based on the stabilizing effect by an amide function on the organolithium compound obtained after 
proton abstraction. Moreover, the deprotonating lithium base will be coordinated by the amide 
function thus directing the metalation to the site which is in close proximity, i.e. the ortho position. 
The thus obtained aryllithium intermediate is then brought into reaction with a suitable electrophile, 
e.g. methyl iodide. In this manner an ortho-methyl group is introduced (see Scheme 1, first two 
steps). This ortho-methyl group can be utilized for further metalation experiments as shown in 
Scheme 1 (third step). In a further synthetic elaboration this arylmethyllithium intermediate gives, 
upon reaction with an aldehyde or an imine followed by removal of the amine fragment, arene-
annulated lactones or lactams as the ultimate products. The total sequence of events is shown in 
Scheme 1 for a substituted benzamide. 
Schemel 
> Y 
,DMG „ „ , fW.DMG _ , _ . _ R _
 DMG Y =
H
0 N R . ¡ * V Mel ¡ * V alkyllithium \ V u u — ы
СНа
 —~ u 
orLDA ^ ^ CH2Li 
DMG (directed metalation group) = CONR2 
η
ν ^ .DMG 
Γ>· π 
1;X=CO, Y=0, NR" 
The use of sulfonamides for the ortho-lithiation was also reported,1 but there are only a few 
syntheses of benzo-2,l-oxathiine and benzothiazine by the directed metalation method. 
In this chapter the use of aziridines as the amine fragment in directed metalation reactions is 
considered. An attractive feature of involving this three-membered heterocycle could be that for 
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asymmetrically substituted aziridines a chirality transfer 2 can be envisaged upon introduction of a 
prochiral electrophile such as an aldehyde or an imine. 
In this preliminary study, reactions of carboxamides and sulfonamides derived from 
aziridines were investigated with the particular aim to establish whether those aziridines can serve as 
metalation directing groups. 
5.2 Results and Discussion 
A most relevant question for a successful directed metalation reaction using aziridines is 
whether these three-membered rings with either an aroyl or an arylsulfonyl group on nitrogen, are 
sufficiently stable under the strong basic conditions needed for the proton abstraction. To this end a 
readily accessible aziridine was selected to answer this question, i.e. aziridine 2 or for some cases 3. 
H H 
I I 
Ν N 
^ii.../\_ OBn Bn(X X V ^OBn BnO 
2 3 
The preparation of 3 and its N-functionalization with an appropriate aroyl group is shown in Scheme 
2. The conversion of epoxide 4 into aziridine 3 was accomplished by a successive treatment with 
sodium azide and triphenylphosphine. 
Scheme 2 
1 ) 2 equiv PhCH;>Br О 1 ) NaN3 
Η Ο
ν
^ =
ν
^ Ο Η • В п О ^ ^ - Ч ^ О В п • 
2)mCPBA ^ ^ 2)Ph3P 
OBn 
3 5, Ar: 2-МеОСбН4;6, An 2-М С6а, 
The attempted ortho lithiation of 5 with tert-butyllithium at -78 °C in dry THF resulted in a 
transient deep-red color which disappeared along with decomposition of the substrate. Thus, the 
presumed anion could not be trapped with e. g. methyl iodide. The alternative approach in which an 
ortho-methyl group is involved in the directed metalation process, i. e. treatment of aziridine amide б 
with lithium diisopropylamide in THF solution at -78 °C, also led to decomposition of the 
substrates. Attempts to trap the presumed short-lived carbanion were all unsuccessful. The use of 
lithium hexamethyldisilazane (LiHMDS) as the base also did not meet with success. 
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Scheme 3 
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The second aziridine that was used in this study is 2-hexylaziridine derivative 9, which may 
exert less steric hindrance. N-Tosylaziridine 9 was subjected to lithiation conditions and subsequent 
quenching with methyl iodide produced methylated product 10 in 54% yield (Scheme 4). In contrast 
Scheme 4 
¿ У 1)n-l 
s o 2 I 
С б ^ э Д 
BuU/TMEDA 
2) Mel 
• 
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tf 
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I 
с
'
Н і з \Л 
LDA 
-78 °C 
10 (54%) 
¿=rs benzaldehyde 
! 
-78 °C 
S02 
11 (39%) 
to the metalation of sulfonamide 7, deprotonation of 9 was rather easy (2 equiv of n-BuLi in the 
presence of TMEDA) and the product could be separated readily. The newly introduced ortho-methyl 
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group in 10 could be utilized for further metalation experiments as follows. When a 1:1 mixture of 
sulfonamide 10 and benzaldehyde was added to a LDA solution in THF at -78 °C, a burgundy-red 
solution resulted and the color persisted for a few minutes and then gradually changed into a clear 
yellow solution. It was found that the simultaneous addition of 10 and benzaldehyde is essential for 
the coupling reaction to occur. The use of one equivalent of LDA gave no complete conversion. In 
order to maximize the conversion two equivalents of base were used, however the expected better 
yield of product 11 was not obtained (10% versus 39%). The diastereomeric ratio of 11 was 
determined by Ή NMR spectroscopy at 47 °C and amounted to 1:1. 
Analogously, sulfonamide 12 was treated similarly with LDA and benzaldehyde resulting in 
product 13a in 48% yield (Scheme 5). The diastereomeric ratio was again 1:1. Changing the solvent 
from THF to diethyl ether or toluene did not result in a significant difference in chemical yield or 
diastereoselectivity. 
Scheme 5 
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/V-Methylbenzaldimine 14b was then investigated as the electrophile (Scheme 5). When this 
coupling reaction was attempted between -78 °C and room temperature, only very polar products 
were obtained which could not be identified. JV-Alkylaldimines are known not to trap carbanions in 
some cases.
3
 When the more reactive /V-(p-methoxyphenyl)aldimine 14c was used, the desired 
reaction took place albeit in moderate yield (30%, diastereomeric ratio ca. 1:1, Scheme 5). 
For the further elaboration of the products 13 (cf. Scheme 1), the aziridine fragment needs to 
be removed, in this case by an N-S bond cleavage reaction. There are a number of reported 
procedures to deprotect N-arylsulfonylaziridines, however usually for the purpose of recovering the 
amine moiety rather than the sulfur containing fragment.4 A suitable reagent for the present case 
could well be sodium naphthalenide.4a Reductive cleavage of the N-S bond of 13a was thus 
attempted with this reagent. Treatment of 13a with 3 equiv. of sodium naphthalenide in 
dimethoxyethane at -50 °C to 0 °C for 1.5 h resulted in a recovery of 13a (23%) and a product 
soluble in aqueous base. This aqueous fraction was then treated sequentially with tetrahydrofuran 
and isobutyl chloroformate. After work-up, the diastereomeric sulfinates 15a and b were isolated by 
chromatography in merely 8% total yield in a ratio of 1:1. When the same procedure was applied but 
using S equiv. of sodium naphthalenide, the completely desulfonated compound 16 was obtained in 
48% yield. The best conditions for the formation of 15 was the use of 5 equiv. of naphthalenide 
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The same procedure was then applied to remove the aziridine part of 13c. In the ultimate 
cyclization step sultam 18 was formed in 30% yield in a diastereomeric ratio of 2:1. This cyclization 
is not as effective as the sulfinate formation shown in Scheme 6. This difference can be attributed to 
the lower reactivity of the p-methoxyaniline group in the initially formed sulfinate (Scheme 7). The 
sulfanamide 18 was oxidized to the corresponding sultam 19 using mCPBA in 70% yield (Scheme 
7). 
The results presented above demonstrate that N-arylsulfonylaziridines can be used in directed 
metalation reactions. When an ortho-methyl group in the arylsulfonyl moiety is lithiated, the 
subsequent reaction with a prochiral electrophile, such as benzaldehyde or an aldimine, does not 
show any diastereoselectivity for substrates containing the hexylaziridine group as the metalation 
directing function. Further research should be directed to the selection of appropriate aziridines 
which have better prospects for achieving diastereoselectivity in the reaction with a prochiral 
electrophile. 
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5.3 Experimental Section 
Proton and 1 3 C magnetic resonance spectra were measured on a Bruker AC-100 or a Bruker 
AM-400 spectrometer. Chemical shift values are reportd as δ-values relative to tetramethylsilane as 
an internal standard. Mass spectra were obtained with a double focussing VG 7070E spectrometer. 
IR spectra were recorded on a Perkin-Elmer 298 infrared spectrophotometer. Melting points were 
measured with a Reichert Thermopan microscope and are uncorrected. Recrystallizations were 
carried out using hexane-EtOAc unless stated otherwise. GLC was conducted with a Hewlett-
Packard HP 5890 gas Chromatograph, using a capillary column (25m) of HP-1, and nitrogen at 2 
ml/min (0.5 atm) as the carrier gas. Commercial n-BuLi solution in hexane (ca. 1.6 M) was 
purchased from Merck. Tetrahydrofuran was freshly distilled from lithium aluminumhydride. All 
other solvents were obtained commercially and used unpurified. Thin-layer chromatography (TLC) 
was performed on silica gel F-254 plates (thickness 0.25 mm). Spots were visualized with a UV 
hand lamp, К2СГ2О7 solution in dil.H2S04 or CI2-TDM.6 Column chromatography was performed 
using silica 60H (for flash chromatography, Merck, art. nr. 7736) or silica 60 (Merck, art. nr. 
7734). 
cis-2,3-Bis-(benzyloxy-methyl)-aziridine (5). A solution of cíí-2-buten-1,4-diol ( 1.7 g, 20 
mmol) in THF (15 mL) was added to a stirred and cooled (0 °C) suspension of NaH (1.1 g, 48 
mmol) in THF (65 mL) under argon. The mixture was then stirred for 30 min at room temperature, 
and then treated with benzyl bromide (4.9 mL, 40 mmol) at 0 °C. The mixture was stirred for 2h at 
room temperature and then heated under reflux for 17h. The cooled mixture was treated with 
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saturated aqueous NH4CI (100 mL), extracted with ether (3x 100 mL), and the combined organic 
extracts washed with brine (150 mL), dried (MgSC>4) and concentrated in vacuo. Column 
chromatography of the residue (silica, hexane-EtOAc (5:1)) gave l,4-bis-benzyloxy-2-butene (4.9 g, 
90% yield). The product (4.9 g, 18 mmol) was dissolved in 1,2-dichloroethane (80 mL) and treated 
with m-chloro-peroxybenzoic acid (mCPBA; 4.6 g, 27 mmol) and a small amount of 3-tert-butyI-4-
hydroxy-5-methyI-phenyl sulfide. The reaction mixture was stirred for 19h at room temperature, 
treated with 1.5 M aqueous Na2SC>3 solution (100 mL) and extracted with ether (3x 100 mL). The 
combined organic extracts were washed with aqueous Na2SC>3 solution (100 mL), saturated aqueous 
ЫагСОз solution (2x100 mL) and brine (150 mL), dried (MgS04) and concentrated in vacuo.. The 
crude product (4.9 g, ca. 17 mmol) in EtOH (110 mL) was treated with NH4CI (2.7 g, 51 mmol) 
and NaN3 (3.4 g, 51 mmol). The whole was stirred and heated under reflux for 22 h. The 
conventional workup was applied (see proceeding chapters) and the crude azido-alcohol (5.1 g) was 
obtained. The crude material (5.1 g, ca. 15 mmol) was dissolved in acetonitrile (100 mL) and treated 
with РРЬз (3.9 g, 15 mmol), stirred overnight at room temperature, and then concentrated in vacuo. 
A one quarter aliquot of the residue was taken, dissolved in THF (12 mL), added to a stirred and 
cooled (0 °C) suspension of 2-methoxybenzoyl chloride (ca.6 mmol) and Et3N (1.2 mL, 8 mmol) in 
THF (20 mL). The mixture was stirred for 1.5h at 0 °C, then treated with saturated aqueous NH4CI 
(100 mL). The conventional work-up was applied (see preceding chapters). Column 
chromatography (silica, hexane-EtOAc (3:1)) gave 5 (1.6 g, 85% total yield based on 1,4-bis-
benzyloxy-2-butene) as an oil; lH NMR (CDCI3) δ 3.58-4.03 (m, 4H, CHNCH, ВпОСЯг), 3.77 
(s, ЗН, ОСНз), 4.35-4.73 (m, 2Н, ВпОСЯг), 4.55 (s, 4Н, 2х РЬСЯгО), 6.92 (d, J = 8.3 Hz, 
IH, З-С6Я4ОСН3), 7.07 (dd, J = 7.5, 8.5 Hz, IH, 5-С6Я4ОСН3), 7.25-7.54 (m, 10H, 2x 
PACH2, 4-С6Я4ОСН3), 8.18+8.20 (2d, J = 7.5 Hz. IH, PhCH2), 8.55 (d, J = 8.5 Hz, IH, 6-
С6Я4ОСН3). 
ci's-2,3-Bis-(benzyloxy-methyl)-l-(toluene-4-sulfonyl)-aziridine (7). The crude cis-
2,3-bis-(benzyloxy-methyl)-aziridine was prepared in the same way as described for 5. The crude 
aziridine (a quarter aliquot of the product mixture after the treatment of the azido-alcohol (5.1 g, ca. 
15 mmol) with РРЬз) was dissolved in THF (50 mL), and treated with Et3N (1.2 mL, 8 mmol) and 
tosyl chloride (1.5 g, 8 mmol) at 0 °C. The mixture was stirred at 0 °C for 30min and at room 
temperature for 2h, treated with saturated aqueous NH4CI (50 mL) and processed in the usual 
manner. Column chromatography (silica, hexane-EtOAc (2:1)) of the residue gave 7 (0.80 g, 41% 
total yield based on l,4-bis-benzyloxy-2-butene) as an oil; IR (CCI4) 2960, 1450, 1350, 1165,1090 
cm"
1; Ή NMR (CDCI3) δ 2.36 (s, ЗН, С6Н4СЯ3), 2.85 (d, J = 2.8 Hz, IH, ВпОСЯг), 
3.27+3.29 (2d, J = 6.1 Hz, 2H, ВпОСЯг), 3.42-3.60 (m, ЗН, ВпОСЯ2, СЯЫСЯ), 4.32 (s, 2H, 
РпСЯгО), 4.38 (s, 2Н, РІіСЯгО), 7.16-7.35 (m, 12Н, 2х РАСНгО, 3, 5-С6Я4СН3), 7.71 (d, J 
= 8.3 Hz, 2H, 2, 6-С6Я4СН3). 
cis-2,3-Bis-(benzyloxy-methyl)-l-(2,4-dimethyI-benzenesulfonyl)-aziridine (8). То 
a stirred and cooled (-78 °C) solution of MMW.AT-tetramethyl ethylenediamine (TMEDA; 1.2 mL, 
8.1 mmol) in THF (5 mL) was added n-BuLi (10 mL, 17 mmol) under argon. After 10 min, a 
solution of 7 (1.2 g, 2.7 mmol) in THF (5 mL) was added to the LDA solution. The mixture was 
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stirred for lh at this temperature, and then treated with methyl iodide (0.83 mL, 14 mmol). The 
mixture was allowed to warm to room temperature over 2.5h, and then treated with saturated 
aqueous NH4CI (50 mL). The conventional work-up followed by flash column chromatography 
(hexane-EtOAc (2:1)) of the product gave 7 (0.62 g, 52% recovery) and 8 (0.39 g, 32%). oil; IR 
(CCI4) 3030, 2870, 1600, 1450, 1335, 1160 c m 1 ; ·Η NMR (CDCI3) δ 2.34 (s, ЗН, 4-
С6Н4СЯ3), 2.56 (s, ЗН, 2-С6Н4СЯ3), 2.87 (d, J = 2.8 Hz, IH, ВпОСЯг), 3.13-3.50 (m, 5Н, 
2х ВпОСЯ2, CHNCH), 4.30 (s, 2Н, РЬСЯгО), 4.35 (s, 2Н, РЬСЯгО), 6.99-7.35 (m, 12Н, 2х 
РЛСН20, 3, 5-С6Я4СН3), 7.84 (d, J = 8.5 Hz, IH, 6-С6Я4СН3). 
[ci'í-2,3-Bis-(benzyloxy-methyl)-aziridin-l-yl]-ortho-tolyl-methanone (6). A similar 
procedure as described for 5 was applied (2-methyIbenzoyl chloride was used instead of 2-
methoxybenzoyl chloride). The aziridine 6 was obtained after column chromatography (hexane-
EtOAc (7:1)) as an oil in 21% total yield based on l,4-bis-benzyloxy-2-butene. IR (CCI4) 3030, 
2860, 1680, 1450, 1300, 1100 cm"1; lH NMR (CDCI3) δ 2.52 (s, ЗН, СбЩСЯз), 2.84-2.99 (m, 
2Н, CHNCH), 3.54-3.84 (m, 4Н, 2хВпОСЯ2). 4.54+4.55 (2s, 4Н, 2х РЬСЯгО), 7.11-7.45 (m, 
13Н, 2хРЛСН20, 3, 4, 5-С6Я4СН3), 7.97 (d, J = 7.8 Hz, IH, 6-С6Я4СН3). 
2-HexyI-l-(tolyl-4-suIfonyl)-aziridine (9). The synthesis of 2-hexyl-aziridine was carried 
out following the same method as described for the synthesis of N-(2-hexylaziridin-l-yl)-
propionamide in chapter 3. The corresponding crude azido-alcohol (see chapter 3, 1.7 g, ca. 10 
mmol) was dissolved in acetoni tri le (50 mL) and treated with PPI13 (2.8 g, 11 mmol) and stirred 
overnight at room temperature. The mixture was concentrated in vacuo, and the residue dissolved in 
THF (50 mL) and treated with Et3N (1.7 mL, 12 mmol) and tosyl chloride (2.1 g, 11 mmol) at 0 °C. 
The mixture was stirred at 0 °C for 30 min and then at room temperature for 2h. Treatment with 
saturated aqueous NH4CI (100 mL), processing in the usual manner followed by column 
chromatography (hexane-EtOAc (10:1)) of the residue gave 9 (1.0g, 19%, from 1-octene) as an oil; 
Ή NMR (CDCI3) δ 0.79 (br t, ЗН, СЯ3СН2СН2), 1.10-1.60 (m, ЮН, СНз(СЯг)5), 2.43 (s, 
ЗН, С6Н4СЯ3), 3.32-3.59 (m, ЗН, CЯNCЯ2), 7.31 (d, J = 8.8 Hz, 2H, 3, 5-С6Я4СН3), 7.77 
(d, J = 8.8 Hz, 2H, 2, 6-С6Я4СН3). 
l-(2,4-Dimethyl-benzenesulfonyl)-2-hexyl-az¡ridine (10). A stirred and cooled (-78 °C) 
solution of TMEDA (1.1 mL, 7.2 mmol) in THF (7 mL) was treated with n-BuLi (4.7 mL, 7.6 
mmol) under argon. The mixture was stirred for 10 min at this temperature, and then a solution of 9 
(1.0 g, 3.6 mmol) in THF (7 mL) was added dropwise to the mixture which developed a burgundy-
red color. The reaction mixture was stirred at -78 °C for 1 h, and treated with methyl iodide (0.67 
mL, 11 mmol), allowed to warm to room temperature over 1.5 h, and then treated with saturated 
aqueous NH4CI (50 mL). The conventional work-up was followed and column chromatography 
(hexane-EtOAc (10:1)) of the product gave 10 (0.57 g, 54%) as an oil; IR (CCI4) 2920, 1455, 
1330, 1160, 1050 cm1 ; Ή NMR (CDCI3) δ 0.85 (br t, ЗН, СЯ3СН2СН2), 1.10-1.59 (m, ЮН, 
СНз(СЯ2)5), 2.04 (d, J = 4.3 Hz, IH, ЖГЯН), 1.60-2.80 (m, 2Н, CHNCHH), 2.38 (s, ЗН, 4-
СбНз(СЯз)2), 2.75 (s, ЗН, 2-СбНз(СЯз)2), 7.11 (d, J = 8.2 Hz, IH, 5-СбЯз(СНз)2). 7.15 (s, 
IH, 3-СбЯз(СНз)2), 7.79 (d, J = 8.2 Hz, IH, 6-СбЯз(СНз)2)· 
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2-[2-(2-Hexyl-aziridine-l-sulfonyl)-5-methyl-phenyl]-l-phenyI-ethanol (11). To a 
stirred and cooled (-78 °C) solution of the required amount of diisopropylamine (either 0.15 mL, 1.0 
mmol or 0.30 mL, 2.0 mmol) in THF (5 mL) was added n-BuLi (either 0.65 mL, 1.0 mmol or 1.3 
mL, 2.1 mmol, respectively) under argon. The mixture was stirred for 30 min at -78 °C, then a 
solution of 10 (0.28 g, 0.95 mmol) and benzaldehyde (0.10 mL, 0.95 mmol) in THF (5 mL) was 
added. The reaction mixture was allowed to warm to room temperature over 2 h and stirred at this 
temperature for 30 min, then treated with saturated aqueous NH4CI (50 mL). Processing in the usual 
manner followed by column chromatography (hexane-EtOAc (5:1)) of the product gave 11 [either 
0.15 g (39%) with 1 equiv LDA or 0.04 g (10%) with 2 equiv LDA] as an oil; IR (CCI4) 3500, 
2920, 1450, 1325, 1160, 1050 cm"1; lH NMR (CDCI3 at 47 °C) δ 0.84 (t, J = 7.2 Hz, 3H, 
СЯ3СН2СН2), 1.14-1.32 (m, 8H, СНз(СЯ2)4). 1.50-1.80 (m, 2H, CH2C«2CHN), 2.04 (dd, J 
= 3.6, 4.4 Hz, IH, NCH//), 2.36+2.40 (2s, 3H, 5-СбН4СЯ3), 2.67 (dd, J = 3.6, 7.0 Hz, IH, 
NCtfH), 2.75-2.80 (m, IH, CHN), 3.16 (br s, 0.5H, OH), 3.33 (br s, 0.5H, OH), 3.47 (dd, J = 
3.7, 14 Hz, 0.5H, РпСНОНСНЯ), 3.51 (dd, J = 9.0, 14 Hz, 0.5H, PhCHOHCHtf), 3.60 (dd, J 
= 3.7, 14 Hz, 0.5H, PhCHOHCHtf), 3.65 (dd, J = 9.0, 14 Hz, 0.5H, РЬСНОНСНЯ), 5.00-5.20 
(m, IH, СЯОН), 7.13-7.46 (m, 7Н, PhCHOH, 4, 6-С
б
ЯзСН3), 7.84 (d, J = 8.0 Hz, ЗН, 3-
СбЯзСНз). 
l-(2,4,6-Trimethyl-phenylsulfonyl)-2-hexyl-aziridine (12). The synthesis of 2-hexyl-
aziridine was carried out in a similar way as described for the synthesis of N-(2-hexylaziridin-l-yl)-
propionamide in chapter 3. The corresponding crude azido-alcohol (see chapter 3, 1.3 g, ca. 7.5 
mmol) was dissolved in acetonitrile (50 mL), treated with PPh.3 (2.1 g, 8.3 mmol) at room 
temperature, stirred overnight, concentrated in vacuo, and the residue was dissolved in THF (50 mL) 
cooled to 0 °C and treated with Et3N (1.2 mL, 9 mmol) and 2-mesitylenesulfonyl chloride (2.0 g, 9 
mmol). The mixture was stirred at 0 °C for 30 min and then at room temperature for 4h, and treated 
with saturated aqueous NH4CI (100 mL). Conventional work-up followed by column 
chromatography (hexane-EtOAc (15:1)) of the residue gave 12 (0.85 g, 29% total yield based on 1-
octene) as an oil; IR (CCI4) 2930, 2860, 1330, 1230, 1160 cm"1; Ή NMR (CDCI3) δ 0.85 (br t, 
ЗН, СЯЗ(СН2)5). 1.01-1.80 (m, ЮН, СНз(СЯ2)5), 2.01 (d, J = 4.2 Hz, IH, NCtfH), 2.30 (s, 
ЗН, 4-СбН2(СЯз)3), 2.60-2.70 (m, 2Н, CHNCH2), 2.70 (s, 6Н, 2, 6-СбНг(СЯз)2). 6.96 (s, 
2Н, 3, 5-СбЯ2(СНз)3)· MS (CI) 310 (M+l)+ 296, 256, 226, 212, 183, 167, 147, 126. 
2-[2-(2-Hexyl-aziridine-l-sulfonyl)-3,5-dimethyl-phenyI]-l-phenyl-ethanol (13а). 
A stirred and cooled (-78 °С) solution of diisopropylamine (0.20 mL, 1.4 mmol) in THF (6 mL) 
under argon was treated with n-BuLi (0.98 mL, 1.6 mmol). The mixture was stirred at -78 °C for 30 
min, then a mixture of the aziridine 12 (0.40 g, 1.3 mmol) and benzaldehyde (0.14 mL, 1.3 mmol) 
in THF (6 mL) was added. The mixture was allowed to warm to room temperature over 3 h, treated 
with saturated aqueous NH4CI (50 mL), and processed as usual followed by column 
chromatography (hexane-EtOAc (5:1)) of the residue gave 13a (0.26 g, 48% yield) as an oil; IR 
(CCI4) 3500, 2930, 2860, 1450, 1325, 1160, 1050 cm"1; lH NMR (CDCI3) δ 0.82-0.86 (m, ЗН, 
СЯз(СН2)5). 1.08-1.30 (m, 8Н, СНз(СЯ2)4), 1.53-1.59 (m, 2Н, СНз(СН2)4СЯ2), 2.03 (d, J 
= 4.8 Hz, 0.5Н, NCHtf), 2.07 (d, J = 4.0 Hz, 0.5H, NCHtf), 2.30+2.34 (2s, 3H, 5-
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СбН2(СЯз)2). 2.66-2.80 (m, 2H, CtfNCtfH), 2.71 (s, ЗН, 3-СбН2(СЯз)2)> 3.07 (d, J = 5.3 
Hz, 0.5H, ОН), 3.18 (d, J = 5.6 Hz, 0.5H, ОН), 3.46 (dd, J = 3.7, 14 Hz, 0.5H, 
PhCHOHCHtf), 3.50 (2d, J = 4.7, 8.5 Hz, IH, PhCHOHCtfH), 3.56 (dd, J = 9.6, 14 Hz, 0.5H, 
PhCHOHCHtf), 4.98-5.03 (m, IH, СЯОН), 7.00-7.05 (m, 2H, 4, 6-СбЯ2(СНз)2), 7.25-7.47 
(m, 5H, PhCHOH). HRMS; Caled for C24H33NO3S: 415.2181; Found: 415.2179 amu. 
{2-[2-(2-Hexyl-aziridine-l-sulfonyl)-3,5-dimethyl-phenyl]-l-phenyl-ethyl}-(4-
methoxy-phenyl)-amine (13c). A stirred and cooled (-78 °C) solution of diisopropylamine 
(0.20 mL, 1.4 mmol) in THF (6 mL) under argon was treated with n-BuLi (0.98 mL, 1.6 mmol). 
The mixture was stirred at -78 °C for 30 min, when a mixture of the aziridine 12 (0.40 g, 1.3 mmol) 
and N-(p-methoxy-phenyl) benzalimine 14c (0.33 g, 1.6 mmol) in THF (6 mL) was added. The 
mixture was stirred at -78 °C for lh, then allowed to warm to 0 °C over 2h, treated with saturated 
aqueous NH4CI (50 mL), and processed conventionally. Column chromatography (hexane-EtOAc 
(5:1)) of the residue gave 13c (0.20 g, 30% yield) as an oil; IR (CCI4) 3400, 2920, 1540, 1450, 
1320, 1240, 1155 cm-1; Ή NMR (CDCI3) δ 0.84 (t, J = 7.2 Hz, 3H, C#3(CH2)5), 1.07-1.30 (m, 
8H, СНз(С#2)4СН2), 1.49-1.75 (m, ЗН, NH, СНз(СН2)4СЯ2), 2.01 (d, J = 4.4 Hz, 0.5H, 
NCHtf), 2.05 (d, J = 4.4 Hz, 0.5H, NCHtf), 2.29+2.30 (2s, ЗН, 5-СбНг(СЯз)2), 2.65-2.76 (m, 
2H, NCtfH, НехСЯІЧ), 2.70+2.73 (2s, ЗН, 3-СбН2(СЯз)2), 3.23 (dd, J = 4.4, 14 Hz, 0.5H, 1-
СЯНСбН2(СНз)2), 3.26 (dd, J = 4.4, 14 Hz, 0.5H, 1-СЯНСбНг(СНз)2), 3.63 (s. ЗН, OCH3), 
3.75 (dd, J = 10, 14 Hz, 0.5H, 1-СНЯСбН2(СНз)2), 3.83 (dd, J = 10, 14 Hz, 0.5H, 1-
СНЯСбН2(СНз)2). 4.60^.65 (m, IH, CtfNH), 6.32-6.37 (m, 2H, 2, 6-С6Я4ОСН3), 6.58 (d, J 
= 8.8 Hz, 2H, 3, 5-С6Я4ОСН3), 6.97-7.01 (m, 2H, 4, 6-Сб//2(СНз)2), 7.20-7.24 (m, IH, 4-
Ph), 7.29-7.34 (m, 2H, 2, 6-Ph), 7.43-7.47 (m, 2H, 3, 5-Ph). HRMS; Caled for C31H40N2O3S: 
520.2760; Found: 520.2757 amu. 
(Benzylidene)methylamine (14b). The imine 14b was prepared by a previously described 
method.5 To a solution of benzaldehyde (8.2 g, 77 mmol) in CH2CI2 (150 mL) was added 40% 
aqueous methylamine (15 g) and activated ЗА molecular sieves (50 g), and the resulting mixture was 
stirred under argon for 19 h, filtered, and the filtered cake was washed several times with CH2CI2. 
The combined organic filtrates were concentrated in vacuo to give 14b (8.5 g, 93%) as a pale-
yellow oil. IR (CCI4) 3030, 2840, 1655, 1450, 1400, 1310 cm-·; >H NMR (CDCI3) δ 3.51 (d, J = 
1.6 Hz, ЗН, NCH3), 7.36-7.47 (m, ЗН, 3, 4, 5-Ph), 7.61-7.75 (m, 2H, 2, 6-Ph), 8.26+8.28 (2s, 
IH, N=CH). 
6,8-Dimethyl-3-phenyl-3,4-dihydro-benzo-2,l-oxathiine-l-oxide (15). A stirred 
solution of naphthalene (0.58 g, 4.6 mmol) in 1, 2-dimethoxyethane (DME, 10 mL) maintained 
under nitrogen was treated portionwise with small pieces of sodium (0.10 g, 4.6 mmol) at room 
temperature, and sodium naphthalenide was obtained after 1.5 h as a black solution. The black 
sodium naphthalenide solution was cooled to -50 °C, and treated dropwise with a solution of the 
aziridine 13a (0.38 g, 0.92 mmol) in DME (2 mL). The reaction mixture was stirred at -50 °C for 2 
h when a small amount of water was added to quench the reaction, treated with ЕігО (15 mL) and 
saturated NaHC03 solution (25 mL) and the two phases were separated. The vigorously stirred 
aqueous phase (NaHCC<3 solution extracts) was treated with tetrahydrofurane (20 mL) and then with 
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isobutyl chloroformate (0.23 mL, 1.9 mmol), and the reaction mixture stirred overnight at room 
temperature and extracted with EtOAc (30 mL). The combined extracts were washed with brine, 
dried (MgSÛ4), and concentrated in vacuo. Flash column chromatography of the residue (hexane-
ЕЮАС (10:1)) gave sulfinate 15a/15b (0.10 g each, 40%). 
15a (more mobile isomer): mp. 76-77 °C; Ш (ССЦ) 3020,2920,1600, 1450, 1125, 1070 cm"1; JH 
NMR (CDCI3) δ 2.29 (s, ЗН, 6-СЯзС6Н2), 2.51 (s, ЗН, 8-СЯ3С6Н2), 2.85 (dd, J = 3.9, 15 Hz, 
IH, H-4), 3.81 (dd, J = 13, 15 Hz, IH, H-2), 5.08 (dd, J = 3.9, 13Hz, IH, H-4), 6.89 + 6.93 
(2s, 2H, H-5, Н-7), 7.30-7.7.48 (m, 5Н, 3-Ph); 1 3 С NMR δ 17.2, 21.2, 34.8, 82.8, 127.2, 
127.6, 128.2, 128.6, 130.1, 132.9, 134.6, 139.0, 140.0, 141.9. 
15b (less mobile isomer): oil; IR (ССЦ) 3030, 2920, 1600, 1450, 1120, 880 cm"1; Ή NMR 
(CDCI3) δ 2.26 (s. ЗН, 6-СЯ3С6Н2), 2.51 (s, ЗН, 8-СЯзСбН2), 2.80-3.38 (m, 2Н, Н-4, Н-2), 
5.81 (dd, J = 3.9, llHz, IH, HA), 6.81 (s, IH, H-5 or Н-7), 7.29-7.45 (m, 5Н, 3-Ph); 13с NMR 
(CDC13)6 18.2, 21.2, 34.8, 68.0, 126.7. 128.4, 128.7, 130.8, 132.7, 136.4, 137.4, 139.0, 
141.7. 
6,8-Dimethyl-3-phenyl-3,4-dihydro-benzo-2,l-oxathiine-l,l-dioxide (17). A stirred 
solution of the sulfinate 15 (a+b), (0.09 g, 0.3 mmol) in CH2C12 (20 mL) was treated with m-
chloro perbenzoic acid (0.2 g, 0.7 mmol) and set aside overnight at room temperature. The mixture 
was treated with a Na 2 S0 3 solution (2 M, 30 mL), extracted with CH2C12 (20 mL) and the 
combined organic extracts washed (2x) with Na 2S0 3 solutions, Na 2 C0 3 solution (1.5 M, 40 mL) 
and brine (40 mL), and dried (MgS04) and concentrated in vacuo. Column chromatography of the 
residue (silica, hexane-EtOAc (8:1)) gave sulfonate 17 (0.07 g, 80%) as an oil. IR (ССЦ) 2920, 
1600, 1360, 1185, 1170, 920 cm"1; >H NMR (CDC13) δ 2.23 (s, ЗН, 6-СЯ3С6Н2), 2.58 (s, ЗН, 
8-СЯ3С6Н2), 2.97 (dd, J = 3.0, 17 Hz, IH, H-4), 3.39 (dd, J = 12, 17 Hz, IH, H-3), 5.86 (dd, J 
= 3.0, 12 Hz, IH, H-4), 6.82 (s, IH, H-5 or H-7), 6.94 (s, H-5 or H-7), 7.25-7.41 (m, 5H, 3-
Ph); 13C NMR (CDC13) δ 20.0, 21.3, 36.9, 82.5, 126.2, 127.4, 128.9, 129.4, 131.4, 131.8, 
134.6, 136.8, 136.8, 142.8. 
2-(4-Methoxy-phenyl)-6,8-dimethyl-3-phenyl-3,4-dihydro-2H-benzo-l,2-thiazine-
1-oxide (18). The method described for 15 was applied similarly using 0.40 g (0.77 mmol) of 
13c. After purification by silica-gel column chromatography (hexane-EtOAc (2:1)), two 
diastereomers 18a (0.06 g, 20%) and 18b (0.03 g, 10%) were obtained as oils. 
(18a) (more mobile isomer): IR (ССЦ) 2940, 1600, 1490, 1450, 1295, 1240, 1180, 1085 cm-1; ІН 
NMR (CDC13) δ 2.35 (s, ЗН, 6-СЯ3С6Н2), 2.54 (s, ЗН, 8-СЯ3С6Н2), 2.96 (dd, J = 4.4, 14Hz, 
IH, H-4), 3.66 (s, ЗН, ОСНз), 4.01 (t. J = 14 Hz, IH, H-3), 4.85 (dd, J = 4.4, 13 Hz, IH, H-4), 
6.61-6.73 (m, 2H, 2', 6'-СбЯ4ОСНз), 6.99-7.53 (m, 9H, 3', 5'-СбЯ4ОСН3, 3-Ph, H-5, H-7); 
13C NMR (CDC13)6 17.9, 21.3, 37.3, 55.2, 66.0, 114.1, 125.0, 127.2, 127.4, 127.8, 128.5, 
129.7, 133.7, 134.0, 137.7, 140.5, 141.1, 141.4, 156.7. 
(18b) (less mobile isomer): IR (ССЦ) 2950, 1600, 1480, 1450, 1295, 1230, 1180 cm·1; *H NMR 
(CDCI3) δ 2.27 (s, ЗН, 6-СЯ3С6Н2), 2.61 (s, ЗН, 8-СЯ3С6Н2), 3.02 (dd, J = 4.4, 15 Hz, IH, H-
4), 3.71 (s, ЗН, ОСНз), 4.26 (dd, J = 6.4, 15 Hz, IH, H-3), 5.23 (dd, J = 4.5, 6.3 Hz, IH, H-4), 
6.67-6.79 (m, 2H, 2', 6'-СбЯ4ОСН3), 6.89-7.26 (m, 9H, 3', 5 ,-С6Я4ОСНз, 3-Ph, H-5, H-7); 
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13c NMR (CDC13)5 18.2, 21.3, 36.5, 55.3, 59.6, 114.2, 127.2, 127.4, 128.2, 128.3, 128.6, 
129.7, 131.5, 134.5, 137.3, 139.3, 140.9, 141.4, 157.8. 
2-(4-Methoxy-phenyl)-6,8-dimethyl-3-phenyl-3,4-dihydro-2#-benzo-l,2-thiazine-
1,1-dioxide (19). A stirred mixture of the sufinates 18a and 18b in re-distilled CH2CI2 (10 mL) 
was treated with mCPBA (0.05 g, 0.2 mmol), and set aside overnight at room temperature, treated 
with a Na2SC>3 solution (2M, 30 mL) and more CH2CI2 (20 mL). The organic solution was washed 
(2x) with Na2S03 solution, Na2CC>3 solution (1.5 M, 40 mL), brine (40 mL), dried (MgS04), and 
concentrated in vacuo to give the sulfonamide 19 (0.03 g, 70%) as a yellow crystal, mp. 139-140 
°C; IR (CCI4) 2930, 1610, 1460, 1345, 1300, 1240, 1160 cm"1; ]H NMR (CDCI3) 5 2.31 (s, ЗН, 
6-СЯзС6Н2), 2.56 (s, ЗН, 8-СЯ3СбН2), 2.99 (dd, J = 5.2, 16 Hz, IH, H-4), 3.62 (s+t, 4Н, 
ОСНз, Н-3), 4.91 (dd, J = 5.1, 13 Hz, IH, H-4), 6.54-6.78 (m, 2H, 2', б'-Сб^ОСНз), 6.96 (s, 
2Н, Н-5, Н-7), 7.18-7.38 (m, 7Н, 3', 5'-С6Н4ОСН3, 3-Ph); ІЗС NMR (CDCI3) δ 20.3, 21.4, 
35.1, 55.4, 65.9, 114.3, 127.6, 127.7, 128.1, 128.7, 130.7, 131.7, 133.1, 135.9, 136.6, 139.9, 
142.0, 159.0. 
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Summary 
A study on the application of functionalized aziridines in organic synthesis is described in this 
thesis. A brief review of aziridine ring-opening reactions is given in Chapter 1. In Chapters 2 and 4 
the results of investigations into the synthesis of pyrrol idinones, azetidinones and cyclopropane 
derivatives, all on the basis of appropriately functionalized aziridines are presented. In Chapter 3 the 
formation of oxazolines from N-acyl aziridines is described. The use of aziridines in directed 
metalation reactions of aromatic systems is the subject of Chapter 5. 
There are very few reported intramolecular ring-opening reactions of aziridines. These become 
possible when a nucleophilic substituent is incorporated in the aziridine molecule and new ring-type 
structures are then produced with transference of the original stereochemistry (Chapter 2). When 
aziridine-2-carboxamide la was treated with sodium ethoxide in ethanol the intramolecular ring-
transformation product 3-amino-pyrrolidine-2-one 2a was obtained in good yield (Scheme 1). The 
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relative configurations of the 3-amino and 4-hexyl groups were determined by an X-ray diffraction 
analysis. Treatment of lb with lithium diisopropylamide in THF gave the bicyclic aziridine 3. By 
using sodium iodide, followed by sodium ethoxide, aziridine lb produced the cj'j-3-amino-
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pyrrolidin-2-one 4 in low yield. The relative configurations of the pyrrolidinones 2b and 4 were 
confirmed by 2D-NOESY ! H - N M R spectroscopy. 
An epoxide analogue of substrate 1 gave a similar result and leads to the formation of a 
corresponding 3-hydroxy-pyrroIidinone derivative (Chapter 2). By analogy with reports on 
intramolecular ring-opening reactions of epoxides, a protecting group was introduced onto the amide 
nitrogen in substrates la. This aziridine 5 with a p-methoxyphenyl group on the amide function gave 
azetidinone 6, in addition to pyrrolidinone 7 (Scheme 2). 
Scheme 2 
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Extensive investigations on the effects of other protecting groups were not possible due to 
difficulties in preparing a variety of N-protected aziridinecarboxamides. A reaction with an У -methyl-
epoxide analogue, which also led to a product with a five-membered ring, provided additional 
support for the mechanistic course. 
Alteration of the size of the 3-substituent in la from hexyl to methyl similarly led to a 
pyrrolidinone. The glycine derivative 8, which contains a smaller nucleophilic substituent, gave the 
azetidinone 9, albeit in poor yield (Scheme 3). The precise factors which govern the production of a 
four or five membered ring remain unclear thus far. 
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The mono-de-ethoxycarbonylation of the pyrrolidinones 2 was achieved using moist lithium 
bromide in 1, 3-dimethyl-2-imidazolidinone (DMI) in good yield (Scheme 4). The pyrrolidinones 1ft 
thus obtained were equiproportional mixtures of the C-5 isomers. 
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In Chapter 3, the attempted synthesis of e-caprolactams was investigated. These reactions 
were unsuccesful and only substituted oxazolines resulted. It was thought that aziridines bearing a 
nucleophilic functionality on the N-l substituent, e.g. as 11, might follow the unique ring-expansion 
reaction path A (Scheme 5). The first attempted reaction using NaOEt was unsuccessful and a 
number of combinations of Lewis acids and base were then applied. Although activation effects of 
Lewis acids were anticipated, all attempts resulted in the rearrangement of the aziridines to give the 
oxazolines 13 (path B). A sulfonyl group was hoped to possess a sufficient activating effect on the 
aziridine ring, but, no reaction occurred when the aziridinesulfonamide l ib was treated in the same 
manner. The failure of these reactions can be attributed to the mismatch of the aziridines and reagents 
or an unforseen inhibitory factor. 
Scheme 5 Et02C C02Et 
11a;X=CO 
11b;X=S02 
The synthesis of cyclopropane derivatives is described in Chapter 4. The regioselective 
Michael addition of nucleophiles to the aziridinylmethylene-malonates 14 followed by a ring-closure 
reaction, gave the 1,1-diethoxycarbonylcyclopropanes 16 (Scheme 6). A variety of organocopper 
reagents were examined, and it was found that a CuCN catalyzed Grignard reagent gave the most 
promising result (yield 91%, diastereomer ratio 85:15). Furthermore, a number of substituent 
groups, i.e. a unsaturated functionality, a tri-butylstannyl group, a thiophenoxide and a hydride could 
be introduced in this manner. A significant solvent effect on the ring-closure reaction was also 
observed. In THF, the ring-closure step did not take place at a temperature lower than -30 °C, in 
ether the proportion of cyclopropanes formed in the reaction depended on the temperature, whilst the 
cyclization took place completely in ethanol at room temperature. Various EWGs were also examined 
and the size of the groups were shown to influence the diastereoselectivity of the Michael addition 
(maximum 82% diastereomeric excess). The diastereoselectivity of this MIRC reaction is also 
discussed. The incorporation of alcohols and amines into the organocopper reagents produced high 
cis/trans selectivity for introduction of a methyl group (up to 74% diastereomeric excess), but the 
vinyl group failed to yield similar results. 
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An application of aziridines to aromatic directed lithiathion reactions is reported in Chapter 5. 
Aziridines have been rarely applied for directed lithiation reactions. The preliminary results show that 
aziridinesulfonamides 17 can be used for the directed ortho-lithiation and chain extension reactions 
(Scheme 7). The aziridinecarboxamide 18 (X=CO) failed to give a stable carbanion, but 
aziridinesulfonamide 17 (X=S02> exhibited ortho-lithiation in the alkylation illustrated in Scheme 7. 
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The chain extensions of 20 with benzaldehyde and arylaldimine occurred but with no 
diastereoselectivity (Scheme 8). These reactive electrophiles, trap the intermediate carbanion, but less 
reactive methylaldimine failed to do so. 
The 2-hexylaziridine group of 21 could be removed by treatment with sodium naphthalenide 
forming the sulfinate 23 (Scheme 9). This intermediate was not isolated but treated immediately with 
isobutyl chloroformate to yield sulfinate 24a (80% yield) and sulfanamide 24b (30% yield), 
respectively. Oxidation of 24 using m-chloroperbenzoic acid (mCPBA) produced the sulfonate 25a 
(80% yield) and the sulfonamide 25b (70% yield), respectively. 
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Conditions: (i) (1) Sodium naphtalenide, -50 °C, 2h. (2) 
Aqueous NaHC03. 
(ii) iso-Bu02CCI. (iii) mCPBA. 
In conclusion, several reactions of functionalized aziridines have been demonstrated to 
produce 3-amino-pyrrolidinones, azetidinones, oxazolines, cyclopropanes, benzo-2,l-oxathiine and 
benzo-1,2-thiazine. Most of these reactions are based on the concept of intramolecular aziridine ring-
opening reactions. Some other aspects of functionalized aziridines are also described. 
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In deze dissertatie wordt een studie beschreven naar de toepasbaarheid van gefunctionaliseerde 
aziridines in de organische synthese. In Hoofdstuk 1 wordt een kort overzicht gegeven van aziridine 
ringopening-reacties. In de hoofdstukken 2 en 4 worden de resultaten gepresenteerd van het 
onderzoek naar de synthese van pyrrolidinones, azetidinones en cyclopropaanderivaten, gebaseerd op 
geschikt gefunctionaliseerde aziridines. In Hoofdstuk 3 wordt de vorming van oxazolines uit N-acyl 
aziridines beschreven. Het gebruik van aziridines in gestuurde metalenngsreacties is het onderwerp 
van Hoofdstuk 5. 
Er zijn zeer weinig intramoleculaire ringopening-reacties van aziridines vermeld in de 
literatuur. Deze worden echter mogelijk als er een nucleotide substituent in het molecule wordt 
ingebouwd. Deze methode levert nieuwe ring structuren op, waarbij de oorspronkelijke stereochemie 
wordt overgedragen (Hoofdstuk 2). Bij behandeling van aziridine-2-carboxamide la met natrium-
ethoxide in ethanol werd het intramoleculaire ring-opening product 3-amino-pyrrolidin-2-on 2a in 
goede opbrengst verkregen (Schema 1). De relatieve configuraties van de 3-amino en 4-hexyl groep 
EWG 
с
бНіз /,. Ν 
Schema 1 
cat. NaOEt/EtOH 
% > 
NH 
Е Ю 2 С — f 
C02Et 
1a; EWG=Ts 
1b; EWG=Boc 
CeHi3 NH-E 
Ш Г NH 
H-EWG 
Et02C 
ЕЮгС 
2.2 eq. LDA/THF Су-Цз 
(met 1b) 
2a; EWG=Ts (88%) 
2b; EWG=Boc (78 %) 
о 
3 (73 %) 
(1)Nal(2)NaOEt 
(met 1b) 
СбНіз NH-Boc 
Е Ю г С ^ Г ^ о 
Е Ю г С ^ NH 
4(16%) 
werden bepaald met een Röntgen diffractie-analyse. Behandeling van lb met lithium diisopropyl-
amide gaf het bicyclisch aziridine 3. Door gebruik te maken van natriumjodide gevolgd door natrium-
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ethoxide, kon uit aziridine lb het c/s-3-amino-pyrrolidin-2-on 4 in lage opbrengst worden bereid. De 
toegekende relatieve configuraties van de pyrrolidinonen 2b en 4 werden bevestigd met behulp van 
2D-NOESY ^-NMR spectroscopie. 
Een epoxideanaloog van substraat 1 gaf een vergelijkbaar resultaat hetgeen leidde tot de vorming van 
het corresponderende 3-hydroxy-pyrrolidinon derivaat (Hoofdstuk 2). 
In analogie met publicaties betreffende intramoleculaire ringopening-reacties van epoxides 
werd er een beschermfunctie aangebracht op de amidefunctie van substraat la. Het aziridine 5 met 
een p-methoxyfenyl-groep op de amidefunctie gaf azetidinon 6, tezamen met het pyrrolidinon 7 
(Schema 2). 
Schema 2 
Ts NH-Ts С б Н і З .NH-Ts 
С б Н 1 3
* " Л
 c a,N aOEt C6H1 3^fff° E , 0 2 C ^ > 0 
7 * ° kt; overnacht» Hi~i + * * 1 
Τ >^OCH 3 ЕЮ*С ^ п г и τ 
C02Et °СНз ОСНз 
5 6 (26%) 7 (69%) 
Het was niet mogelijk uitvoerig onderzoek te doen naar het effect van andere beschermfuncties 
vanwege de problemen met de bereiding van een serie N-beschermde aziridine-carboxamides. Een N-
methyl-epoxide analoog, dat eveneens leidde tot een product met een vijfring-structuur, verschafte 
extra ondersteuning voor het voorgestelde mechanisme van de reactie. 
Variatie van de omvang van de 3-substituent in la van hexyl naar methyl leverde eveneens het 
pyrrolidinon. Het glycine derivaat 8, dat een kleinere nucleotide substituent bevat, gaf het azetidinon 
9, zij het in slechte opbrengst (Schema 3). De exacte factoren die de vorming van een vier- of vijf 
ring bepalen zijn tot dusver onduidelijk. 
Ts I 
C 6 H 1 3 , A N 
Schema 3 
y ,„ NH-Ts 
' " ¿ Л . base ЕЮгС. J 
13 
N — ^ . 
' O V " XBn Bn'
β
 С
°
2 Й
 9(19%) 
Mono-de-ethoxycarbonylering werd in goede opbrengst gerealiseerd door het gebruik van 
vochtig lithiumbromide in l,3-dimethyl-2-imidazolidinon (DMI) (Schema 4). De zo verkregen 
pyrrolidinonen 10 waren mengsels van C-5 epimeren in een 1:1 verhouding. 
Schema 4
 л 
СбНіз NHBoc 
üBr-HüO-DMI f—С 
155 °C Е Ю г С " ^ NH 
10a; EWG=Ts (42%) 
10b;EWG=Boc(64%) 
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In Hoofdstuk 3 wordt de poging tot synthese van ε-caprolactamen beschreven. De 
geprobeerde reacties lukten niet, er ontstonden slechts gesubstitueerde oxazolines. Gedacht werd dat 
aziridines met een nucleotide functionaliteit in de N-l substituent, zoals in 11, de unieke ring-
expansie route A zouden volgen (Schema 5). De eerst geprobeerde reactie met gebruik van 
natriumethoxide was geen succes en een aantal combinaties van Lewis-zuren en basen werd daarna 
geprobeerd. Hoewel rekening gehouden werd met activering door Lewis-zuren, resulteerden alle 
pogingen in omlegging van de aziridinen onder vorming van oxazolines 13 (route B). Gehoopt werd 
dat een sulfonyl groep een voldoende activerende invloed op de aziridine-ring zou hebben, maar er 
vond geen reactie plaats toen het aziridine-sulfonamide 11b op dezelfde manier werd behandeld. Het 
falen van deze reacties valt ofte wijten aan een 'mismatch' van aziridines en reagentia of aan een niet 
voorziene remmende factor. 
Schemas Et02C C02Et 
RVX-JJ' 
11a; X=CO 
11b;X=S02 
•C02R' 
13 
De synthese van cyclopropaanderivaten wordt beschreven in Hoofdstuk 4. De regioselectieve 
Michael-additie van nucleofïelen aan aziridinylmethyleen-malonaten gevolgd door een ringsluitings-
reactie, gaf de 1,1-diethoxycarbonylcyclopropanen 16 (Schema 6). Een variëteit aan organokoper-
reagentia werd onderzocht waarbij gevonden werd dat een door CuCN gekatalyseerde Grignard-
reactie het meest veelbelovende resultaat gaf (opbrengst 91%, diastereomeren verhouding 85:15). 
Bovendien kon op deze manier een aantal functionaliteiten worden ingevoerd, nl. een onverzadigde 
functionaliteit, een tributylstannyl groep, een thiofenoxy en een hydride. Een aanzienlijk 
oplosmiddeleffect op de ringsluitingsreactie werd ook gesignaleerd. De ringsluitingsreactie vond in 
THF niet plaats bij een temperatuur lager dan -30 C, in ether was de verhouding van de 
cyclopropanen in de reactie afhankelijk van de temperatuur, terwijl in ethanol de cyclisatie volledig 
was bij kamer temperatuur. Verschillende electronenzuigende groepen werden eveneens bekeken en 
er werd aangetoond dat de grootte van de groepen van invloed was op de diastereoselectiviteit van de 
Michael-additie (maximaal 82% diastereomere overmaat). De diastereoselectiviteit van de MIRC-
reactie wordt ook besproken. Het inbrengen van alcoholen en amines in het organokoper reagens gaf 
een hoge cis/trans selectiviteit bij de invoering van een methyl groep (tot 74% diastereomere 
overmaat), echter de vinyl groep gaf niet de overeenkomstige resultaten. 
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Schema 6 
EWG 
I R I N Л / ' \ > Г 1 COaEt Nucleofiel 
H
 C02Et 
EWG 
I 
η 4 Δ / Η /C02E, Η 
Η
 | C02Et Ε 
,C02Et 
C02Et 
14 15 
EWG-HN R1 R 
16 
EWG= Tosyl, R1= Hex: NaOEt/EtOH 
> 95% opbrengst 
1 
2 
3 
4 
5 
6 
7 
8 
Me2Cu(CN)L¡2 
Bu2Cu(CN)L¡2, 
BuCu(CN)MgBr.BF3 
BuMgBr/10mol%CuCN 
(Vinyl)MgBr/ 10 mol% CuCN 
Bu2C=CHCuMgBr2.SMe2 
(Bu3Sn)BuCu(CN)Li2 
PhSNa 
K-Selectride 
R=Me 
R=Bu 
R=Bu 
R=vinyl 
R= CH=CBU2 
R=SnBu3 
R=SPh 
R=H 
Opbrengst 15 
24-54% 
3 1 % 
16% 
64% 
Opbrengst 16 
59%, 0% de 
0-53%, 30-90% de 
91%, 70% de 
44%, 80% de 
51%, 80% de 
30%, 50% de 
79% 
Een toepassing van aziridines in gestuurde aromatische lithieringsreacties wordt beschreven in 
Hoofdstuk S. Aziridines zijn zelden toegepast voor gestuurde lithieringsreacties. De voorlopige 
resultaten tonen aan dat aziridine-sulfonamides 17 gebruikt kunnen worden voor gestuurde ortho-
lithiering en keten-verlengingsreacties (Schema 7). Aziridinecarboxamide 18 (X=CO) gaf geen 
stabiel carbanion, maar aziridinesulfonamide 17 (X=S02) onderging ortho-lithiering bij de 
alkylering, zoals weergegeven in Schema 7. 
Schema 7 
C6H '6n13 
X) 
BuLi 
4 / \ TMEDA СбНіз
 л 
'. Li CH3I 
17 (Х=вОг) 
18 (X=CO) 
С б Н , з \ Д 
19 
!, снэ 
Ketenverlenging van 20 met benzaldehyde en arylaldimine vond plaats, maar zonder 
diastereoselectiviteit (Schema 8). Deze reactieve electrofielen vangen het intermediaire carbanion af, 
maar het minder reactieve methylaldimine niet. 
De 2-hexylaziridine-groep van 21 kon worden verwijderd door behandeling met natrium-
naftalenide onder vorming van het sulfinaat 24a (80% opbrengst) resp. sulfanamide 24b (30% 
opbrengst). Oxidatie van 24 met m-chloorperbenzoezuur (mCPBA) gaf sulfonaat 25a (80% 
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opbrengst) resp. sulfonamide 25b (70% opbrengst). 
SchemaB 
СвН13 
S02 
ν
 N 
VA 
20 
1)LDA/THF, -78 °С 
21
 о*» 
н 
Ί 1 3\ΖΛ 
22 21 
a; Х=0 a; Х=0 (48%) 
b; X=N-CH3 Ь; X=N-CH3(0%) 
с; X=N-C6H4-(p)-OCH3 с; X=N-C6H4-(p)-OCH3 (30%) 
Schema 9 
S 0 2 
СвНіз у l 
21а; Χ=0 23:X=Oor 24a; Χ=0 25a X=0 
21c; X=N-C6H4-(p)-OCH3 N-C6H4-(p)-OCH3 24b; X=N-C6H4-(p)-OCH3 25b Ν-0βΗ4-(ρ)-Ο0Η3 
Condities: (i) (1) Natrium-naphtalenide, -50 °C, 2h. (2) NaHCOa 
oplossing. 
(іі)виОгССІ. (iü)mCPBA. 
Samenvattend: diverse reacties van gefunctionaliseerde aziridines leidden tot 3-amino-
pyrrolidinonen, azetidinonen, oxazolines, cyclopropanen, benzo-2,l-oxathiines en benzo-1,2-
thiazines. De meeste van deze reacties zijn gebaseerd op het concept van de intramoleculaire aziridine 
ringopening-reactie. Enige andere aspecten van gefunctionaliseerde aziridines worden eveneens 
beschreven. 
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